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Dear Sr. Esquivel:

This I'" ~*iEe8 ~ the Envtronmental SoU Stmllizatla1. LLC (ESSL) ~;.~~
proce.., using EcSS 3000. ~ clay Boils to ~ ;if"- .~.-tk/8W8I1 ~L. '-~18tiO1 8'd
Ina'888e it"Wr1ytti. The tt.a'y of tr8-.~_R Ia pr..,ted .wJ ~ . SUn1m8Y ~ r8888m
con~~ to ~ at T..a A&M UnlYeraity I. P'OYkied with the r8aU1ts camp8'8d to ~
~. n. cI'lelrical ~-~-.1r8te is nonnelly clluted 8t. rat. d 1 galkx1 ~c."' al to
300 gallorw of v.-er ~ ir1ed8d into the in situ cI8)' 8OiIs IX' ~TIj)8d8d clay tII U1der
r--eure tt'IQ.G'1 ~~ rr)d8. In Cc8a Ra, the ~.a...k:8 ~ i8 .~~~ ~ tw1d-
held rod8 by EXPER S.A. but could 8110 be "~..1c8I1y mixed with the 8Xp~ nit
8nd then placed end ~8i8d n thin lifts. \

EcSS ~ does not ~I.a P8rt of the ~~ 8O1~ but .as solely.. . ~aIy8t to Ite
clay 18t1ic8 br'e8(dCMn. EcSS 3000 ia a mixtW8 of "phth'" oil. mb8d will ~ ~ ~ acid ~ ~ ~~ A..~"" ,.-1n c-..y8t .. .:10 :;;"-::-~-7-::; to

8nhara t88ctlon tim8. This was the fi'It ptodLd or Its kind to be d8~k)p8d fa" clay
roadway .~. 81d building pad 8t8biUzation. Ecas 3000 t8 b881 _led to day
8OiIs lira mid-1 ~I (it W88 poeviou8ly called ReyrXJlda Ro8d Pm<. ISS ~ IS&-
2500. ~ ell are the 88"'8 product manufmul'ed by the ~. m8K1a...).

THEORY OF THEA TMENT

-n. v.,.1i ~ in bo1h 8 phytical d1ange n . d.n- ~--. ~. u'--.i«. II
:.."~ . ~~8ii~ U -.. It is oft8n ~8d :*1;i~.-niC81 t-v8iiJ.ara - ~

E.t. cI8y P8'tide t8s a rW ~ve aIf8ce ~ .~ '* r8P8I8 oIw clay p8tid88 of like
d18rge ~ it. -nu. negetiYe dwge I. ~-~8d ~ ~ bonds . h 8dg88 ct ~ <:Jay
p8tic1.. ..t Isoma'phic lubstltutlon of ~ valence ~ bv ~ V81enoe ~ona
wIttv, the 8ifica 818et (.IImn, 8~. Is repI~ by 8luminum, AI- ) ~ .~ sheet
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(aJumirun. Ar3, ia replaced by magneeium. Mg~ ct day I_ceo ThI8 ~~ ~V.W - - ~ ~ be ~ by ott.- poSitive ions In solution to matnta., ..DIy ~ .. clay

.-.ce. ~ .-.iilQ:'" .,. negative surf8C8 dwge 88ct8 ~ 8d8orbs JX)Iitive c*ion8 and
w88r tan .. ~Ing soll-weter system. The adla'bed water n C8tions .w.-a
by the day .urf~ are called the eI8Cb1c do\ble 18yw« 8d8orb8d water 18YW'. The
~Ie layer d e8::h clay particle repejs h double layer ~ nearby clay panid88. W...
~ b dQ..t)I8 I8Y8r& 1& rd ~ 81d mO'J88 ft'88Iy U1ra.1ghOut the 8oR-wet.- "T~"

ft Is b ~ Ia)'er w88' ht .- 81d ~I. wfth d81ges In mdstwe CX)ntM or sal sys8n. Interleyer water arKJ C8tIons within h day lattice wi" ~~ Sh1nk and swell

with ch81g8S in 1!lO1stU'8 content for the mOr8 8XP8181ve day mnerala.

The injection of the EcSS 3000/water ~ ~ ~ cI8Y8 real'" in a highly
oo.-~ ~ -ton clOI.Xr at the pol" of Inj8ctkx1. m. high ~-~-.u.tIon of iorw r-..I8
In ~ ~nt of the l1j8cted low by 08rX»8I8 Into ~nt areae 88 the ia1 derwity
ar h rire 1Oi1-wat.- syItem to equalize In d18f'g8. n.. Ion cIOI..s will ~ntirM.Ie to

move hqh U'1e &oll-d" SY't8m until b ton d'targe II ~tad ho~'OJt Iyatem. The ionI move ~ fatter I\an the ~ i'~8d liqwd perletr'8Jon. The Ion

cloud wli typIC8IIy V8veI as an expandIng cylinder abQJt . m8XktIJm 3 f8M tom .. PC*1t
d 1rUedU1 OYW'. P81od of ~m.-ely ~ week. wh81 irtected by eaSt.. T; r~..
1rtecUQ118 nom-.ly p8formed on 3-foot cent8r8 to provide . ~ of --- of ~A 2
for ion pennatlon 81d 1011 ~nt. Sufftd8. 1011 u--"..." to reduce enrk*l.-lt
d'18ract8r18tlCl to a level 11m 88tisft- ttw project ~~nts has ~ bm to ~
within 8bc.Jt 72 hours ~ injectk1n.

'Tt'8 ~IU"" n EcSS 3000 provides. slx..C8ba'\rtng Itruct\n that Is ioniz8d by the
sulfur trioxide 8\d oulful1c -=ad to prock.a mOd albic acid. Tt8 IUIrawtIon ..,.~-~
attaches. sulfite aNon, (S~)OH', to b ~~I ~ torm~ . a.ft8 "I~ bM8 In
~ug-. 'Mth . hyd~ ~ ~,.ad. ~ 118 8OILjJon Is diluted 'Mth w8«, h
.,mte 81a. wi. adivety -~ !1Lati'Jted n ~ t'om h alia 8h88t8 of n
clay lattice. -n. carbOn ring aur~ tr\8 aun~ cation 81d hokI8 It by ~-v.1
sharing ~ b carbOn 61.. .r.s the oatton'8 meCal &tom. At" 8118 ume
hydrogen cations, W, pen8tr8t8 to the clay 1aftIce, ~ng In 8' ion axd" ge' with '-
-.ninLlT\ ~-.. n. ~~I catlona 8110 ~~-tWG wilt t18 potalllwn. ce.~ and
sodium cationl.aUG-t¥:' to u. 8Urf~ of Ute cIey P8tlcle, within the eIedrk: double
layer, reduoing the thldU'l88$ of the double layer.

The k8y to eteilizing the day Ii.. in removing the c8ior-. from the day I~ WId
..,u..a~ «wa.1181l As.,. autrlte .a. ~ u. ~irun ~I' ~ .. clay
latti~. the latti~ develops a - r'88g81Y8 pc81tlel In u... lib ahe8, ~- In
deetabilization of the lattice. Molecular bonds ~118PIe 81d 1\8 lattice 8mdLn Is
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desU~. The remaining 88rudLre is 8 more st8)Ie 8ITM-prOJe (na'1C1y118lh) eUudIn.
This r18W Itrudure reeuha In a reduced or ~ charge 8nd. :: 01'8, I... « no
attradion to water. Also. the resulting clay perticles ~ come do... together. «
8gglomerBte, since the repulSive fVt~ ~ particles tBY8 been ~-JQed or
eUmln8t8d. tt1U8 lna-eaaIrg b 8tr8~ . preyfously 8d8Orbed water Is reie888d from ...
former double layer.

",. ~1IZer sulfite aniao. ad ~C8cIy. tMlid1 i8 elpecial,y imp0rt8nt ~ the nt.mb8'
of available C8t1cns greatly outnumcer the sulfIte 8rda'I8. The ceptured C8tb -.. ..
-dilpo88d f:I8 ... removal fran b day lattice and clay anace by ~ptl8tia1 .. 88118
or by ~mblnlng with organic moIecuee 10 Uwt they ~t ~ to solution.

RESUL TS OF RESeARCH TO DATE

A .n.a,y tube sanple of ~ Ford Shale ~~ soU 81d cne g&lD1 d EcSS 3~ter
loIutIon dl~ . 1:~ were 8\.titliitl8d to T.. ABIla T... Tr8n&pc,.~~,I~ for
8Y81~. The dellv8'8d soil had a liquid limit or ~ . pl88tIdty Index d 83, . ~11ttn
~ <t about ~ n a .,.~-R. ~ ... ~. 200 8i8v8 ~ ~.n. 0,. undl8lJrbed
sample of SOil ~ 8O8<8d in water only and a. und-.bed ~e d 8OU was IO8k8d
., U1e EcSS 3(XX) diluted d8Yical m~. The ~ 8OII.ed i'a a CXI1soIktOI. -- -
for a period of 8)out five days, allOWing ~ loll -mpie8 to oome to . new ~"'~"'8
equilibriun ~ ~ BoI1 -*ted Bnplea had 8 mol content f1 8Jout 42% after
eoaking.

T eating of the delivered, water eoeked 81d dwnk:81 IO8ked 88mp188 COI18i8t8d d
mlcroeb'ucture photographs (Envlro.-.,_~' &C8y,i~ E~, Mia'~p8(ESEM)rTi. - .,~ EI~I Mia"c.;Q:oj:~'TEM», ~ t~ifi~ (X-Ray Dllractlon (XRD))

and ~~c potent'.' (Zeta ?d&.iiat),

The ESEM r.ts show soil ~ .-Id were C«1ducted on ~ ~.~ ta ir~lg8te
t'Ie moI-.r'e v:;-~ beUGr '*' ~ _T.p186 COUld. The IInan of ~ ~ ~ ~
8howed rows of n8TOW clay I8YI8r8 with diGtir'd. clear edges. 'n1e W8t8' !Oe.k~ 8npIe
atructure ahowed . swollen ~ with the d8Y leyera 8pe8d far 8P8t ~ bulging day
~ with Indistinct ed~. The chemicellO8k8d 88npl.. 8tna W8 rty t~
to h GelN.-ed sample 8U\dure, wiI'I ~ clay layers and dlltinct, clear edgee, ~
though h rTK)i~ iMt~ d u. 8TlPi8 W88 u. 8M . for the water .-ked 88mPi8.

'--

The TEM teIta show day ~8 Itrudure end were condLded on h we- !!!!..~
~. 8'd ~"Ial ~~~~. The eIectton = r88UIt8 showed 8 aysteIline
I8ftJce ~... fa' .. water ~.ed 8nple, 88 .~~. -n. dwnical ~~ 8'ftPI8,
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~, ~ ., arraptlOus (~nay8t8lIIne) 8trudure irKticating that tr. ay8t8t 18tia
W8S deeb'oyed, oonsiltent wI#1 the theory.

The TEM analyaia &180 I~ntlfted the element8f ~J~CX1 (~.aea.n. .kIm~
8t1icx)n. potauium and iron ion_), n p&t-w.~ of the water 8O8c8d ~ ~C8I ~~
88mples. Five samples of water IO8k8d lOil and tcx.' Ampl8S d awnk:aJ ~=~~ sojl
WW'e analyzed. 'The ~~. 8Illoon ~ Iron a. did not stON ~-;:..~-!e
difrereraa between the ~ lo8(ed and d'lemical ~~..ed aarnp&ea. How.v.-."
8kJminum Ion concentration W88 ~-~ ft'am . w8I8' 8O8k8d 8VVI~ vag of 18.M~
to . W""" ~ soaked evwegG value of 11.35%. wtti1 .. ~~ ~ 18 th-.y. The
pdaaltum iOn redudion WM 8V«'\ n'K)r8 ~Jc. with . water .~~ 8verage Yak.Ie of
1.80~ ~ a ~k:al BO8k8d average vak18 of 0.18%. The ~ ii.g,.nt 8ppears
to have ., dI'1ity for rMCV8I of the 8k1g1e valence potassium Ion.

A 18f;8I-- ~ was made fa' 1he IOluble COr1C8nt.~-.. of 88Ieaed Ions to ~ mine
,.. a.. nt Into ~~ ~ ~ ~ Ow d8'/ 18tk:e 81d -.face. -n. 8OIubI8
alumirun ion ~tr.1ion ~ ra\-G.~~j b' ~ ~-. i,.~~ the
r~ov81 of the aluminum ion ft'om the day 18t1k8 dki not reaJlt in aluminum 0. being
pI.m ~ solution. The soluble pc8'i\m ion \XIt- ~ -,;'-alion or tt8 wat8r 8081* 8nple
wes 1.21 mg/I 800 Of the dwnIc8I ~k~ Ample W8 0.66 mgn, ind£8li~ 118 tt8
elen.rul reduction of the potassium Ion did not ~ In 81 ~,w--.a8e in 118 -*JbIe iQ"t
conce.lu.tIofi and, in fact. shOwed a d6\i1-~ In ~1t.-akn 11'1888 reeultl ..
~si8tent with the ~ that the catlorw r8mOYed ... cI~ d.

The XRD testing was perfonned a'1 the W8t« IO8ked n ~L .-,- at 8O8d I8nplea to
identify iiii"".. -ak)gy . No ~ dDr ,. bIe = .- WI - ~ ., a.,. "Ii:- tit -q Y .. rded betW881

the two 88mPi88. The I8npIel contained 21 to ~ day mirwels. with "1~t8
(~morillonit8) identified 88 about 60% of ~ day fr8dJon.

-n. Z8t8 P~--I ~ P'QYkJes a m ,...~ ctt. eledn;Mjnetic ~.I. «water
..a~ ~'tt;y. d... day P8tic1- Ead1 day P8tk:I8 ia NrOLn:I8d by h ~~
layer n8utr8IlzJng ion8. m. ~~~ ., eI-*ic j)fI.~1 on the «del: of mllivolta b
~~ ~ 118 ~ ley.- ~w~ h ct8't ~bIe !eyer (8Ilp pI-.) 800 Its
b* of tie I~ outside '- Inftuwa cI b cl8y'8 ~~ w- --va. n. ~itude d f11s
~tial i. .p~mat8Iy proportional 10 b Mlrrace charge of h d8Y particle ...t it 18
~Ied h Z88 p~ -~. It is 88) irld"lC8tIY8 d.. po~ 8Ur8di«1 of water to h day
p.-ticle.

Testing was canduded on 8 1OAI-exp..lve kaOlmite loll 8t81d8I'd, the W8f« ~..~
.-,-.- 8'd tI"e a.micallC8(ed ~Ie. 1M r IIt8ll~ed u,a the kaolinite 8f.&r-.d&u
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had a Zeta Potential of 10.3 millivolts, U"te wm« 8O8ked &8nple had . Z8I8 p~ of
18.2 millivolts and the chemical ~ked sample t'8d a Z8ta Potent.. ct 13.0 millivolts.
ThI5 ~8 thet the d1emlc:al .-ked ~Ie -wang- to 8:t mQ'8 lka . ~~Ive
k8Ottntte day rTiA.-s ti'1an 8 highly ~ratve _Trdf6 (IIM-NlM-;IIonite) clay mtner8l. This
is con8i81ert wiU"I the theory .. well - h Isge 8'rQJrt d --II t- data for t.~ 1Oi18.

SUMMARY

~ P'elimin*Y reaeerd1 testing to date at T A&M Unlver8ity indiQates the following:

The EcSS 3000/water ~fO1 does rot cause ~Ion of the clay 18Ui~ and
8d8abed water (double layer) 88 water. 8Ione, dO8.\ In fact. the 8oiIi8yering
remains slnWlar to the soil atnJdure of the .a-d8ltverwd soil.

.

AI&6nInI.m ioos are removed fran 11. cl8)' 18b 8Id posttIW C8:kX1a are ~ved
fran the double a.y. 8U~ing the clay partida ~ repi-.d with u. ~'Ogen ia1. ~ r8ncrt'ed i~ are ra pl8C8d In aa~ a'lly ~ be DGI~

again In the futura. bJt .. Bctualty iaiM~ ~ the eoll-iOric wet« sy8t8m.

.

The EcSS XK:xJ ~tutia1 changes the ~ 8b'ucture (1' 1\8 clay ~ tn.n
an expensive crystaltine lattice to 8 rwlalively stable amorptDJa (nonC2Yst8l1ine)
8tnJcture.

.

The clay mineralogy of the EcSS 3000.0b'eated and untreated d does not Ie8n
to dwnge appoedably.

.
The EcSS :xx».4f-~ day p~ Ipp88' to h8Y8 8 W8t«~~oo potenti8
aim'- ~ 8 laN'0exp8'aai. kminlte " at rather twn a highly expansive smectite
(ma"ltmortllonite) n'irwral.

.

We will be i~ a site a'1 T ~ A&M p.~f In t1e ~ fuU'8 to alia. for "'-lij 8'ki
longer t8m monitaing ~ .1,j8d8d 8OiI8.

~~i~\~ i. J~ 1 -.'~~~~~" ~ ..:.--

va Prakient
, Jot'my S,..woodPresident


