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I N  SITU GROUTING OF A LOW-LEVEL RADIOACTIVE WASTE TRENCH 

R. D. Spence 
T. T. Godsey 
E. W. McDaniel 

ABSTRACT 

A shallow land b u r i a l  t rench  containing l o w  
l eve l  rad ioac t ive  w a s t e  was i n j e c t e d  with a 
p a r t i c u l a t e  grout  t o  help cont ro l  subsidence and 
rad ionucl ide  migration. The t rench ' s  accessible 
voids have been est imated a t  20 vwl %, and most of 
t hese  voids appear t o  have been f i l l e d  wlth g-nrout. 
This i n j e c t i o n  was accomplished with a simple, labor  
i n t e n s i v e  technlque, and an inexperienced c r e w  at  an 
estimated cost of about $55,000. The grout cos t s  
$0.21/gal and €981 gal w a s  i n j ec t ed  i n t o  the  trench. . 

_ -  

1. INTRODUCTION 

In August 1984, p a r t i c u l a t e  grout  w a s  i n j ec t ed  under pressure i n t o  

t rench  150 i n  t he  Oak Ridge National labora tory  ( O m )  S o l i d  Waste Storage 

Area (SWSA] 6 as a remedial ac t ion  demonstration. The ob jec t ive  of t h i s  

f u l l - s c a l e  demonstration is t o  assess the e f f e c t  of t h i s  type of 

grout fng on t rench subsidence and rad ionucl ide  behavior. 

report provided information on the  development of t he  grout formulation. 1 

This  repor t  summarizes the f f e l d  i n j e c t i o n  operat ian.  A repor t  at the mid 

of FY 1987 w i l l  summarize the enttre operat ion,  including the p o s t  

eva lua t ion  and ncarraitaring r e s u l t s  t o  date .  

An earlier 

Many mI1Pions of cubic f e e t  of rad ioac t ive  waste are buried i n  

shallow trenches and p i t s  across the United S ta t e s ,  micl~ of i t  i n  the  

h u d d  Southeast .  These rad ioac t ive  burial s i tes  have experl eneed the  same 

problems as o ther  shallow-land b u r i a l  sates: subsidence,  conta iner  

d i s i n t e g r a t i o n ,  water and b i o t a  i n t r u s i o n ,  waste migration, and 

groundwater and surface-water contbmination. I n  situ grout ing is  one of 
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t h e  remedial ac t ions  cu r ren t ly  being t e s t ed  in an a t t e m p t  t o  so lve  some o f  

t hese  problems. The objec t ives  of i n  s i t u  grout ing ( so lu t ion  o r  

p a r t i c u l a t e )  can range from f i l l i n g  the  large, access ib l e  voids t o  

pene t r a t ing  the  e n t i r e  underground area ( l a rge  voids,  waste, conta iners ,  

s o i l  b a c k f i l l ,  and surrounding undisturbed s o i l ) .  Lowleve l  rad ioac t ive  

waste (LLLW) t renches have been experimentally grouted with so lu t ion  

(chemical) g routs  with the  l a t te r  ob jec t ive  i n  mind.2 However, the 

t y p i c a l  commercial grout ing of nonradioactive l a n d f i l l s  uses p a r t i c u l a t e  

grouts  t o  meet the  former objec t ive  of f i l l i n g  the large voids. No f i e l d  

demonstrations of i n  s i t u  p a r t i c u l a t e  grout ing of LLW trenches have been 

attempted. Besides the obvious benef i t  of f i l l i n g  the  large voids and 

prevent ing subsidence, p a r t i c u l a t e  grouts  may immobilize and encapsulate  

most o f  the  rad io iso topes  c lose  t o  the  waste, may r ed i r ec t  water flow 

paths  away from the  waste, and may o f f e r  t he  advantage of u t i l i z i n g  

n a t u r a l  materials t h a t  withstand the r igo r s  of weather and t i m e .  

2. EQUIPMENT AND PROCEDUJXES 

2.1 SOLTDS BLEJWING 

Sol ids  blending is  the dry Xing of the  grout  s o l i d s  t o  produce a 

homogeneous blend. Sometimes the  dry grout components can be mixed 

sepa ra t e ly  wlth the  water, but t h i s  i s  not recommended when bentoni te  i s  

one of the  components. The equipment at t h e  New Hydrofracture F a c i l i t y  

(NHF) a t  ORNL w a s  used f o r  blending i n  t h i s  opera t ion  (Fig. 1). The NkIF 

was  not deslgned t o  be used f o r  such a s m a l l  opera t ion  o r  t o  d e l i v e r  the 

blended s o l i d s  outs ide  of  the  f a c i l i t y .  However, minor modif icat ions 

r e s u l t e d  i n  s a t i s f a c t o r y  operation. 

The dry blend components used w e r e  those recommended by Taallent 

et a l e :  Type I: Portland cement, Eastern Class C f lyash ,  and bentoni te .  

The re la t ive  proport ions of these components blended fo r  the  f i e l d  

opera t ton  w a s  approximately the cent ro id  of the  acceptable  range of  

compositions i d e n t i f i e d  by Ta l l en t  et a l . ;  the  blend cons is ted  of 39% 

cement, 55.5% f lyash ,  and 5.5% bentoni te .  The bulk cement and f lyash  were 

purchased and stored i n  tank t r a i l o r s  at  the NHF. The bentoni te  came from 

an e x i s t i n g  s tockp i l e  of 100-lb bags of bentoni te  at NHF. The blending 

and t r anspor t  operat ions were done pneumatically. 
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The blending tanks at NHF cons is t  of th ree  pneumatic tanks,  each 

One of these  tanks capable of holding about 40,000 l b  of dry so l id s .  

( t h e  weighing tank)  is mounted on a set of accura te  sca les .  The blending 

procedure s t a r t e d  with the addi t ion  of each dry s o l i d  component t o  the  

weighing tank, with the  tank weight noted after each addi t ion.  Blending 

was done by blowing the  e n t i r e  tank contents  from one tank t o  another 

t h r e e  t i m e s .  

f o r  later use. About one tankful  was blended at a t i m e ,  which w a s  enough 

dry blend t o  keep the  grout i n j e c t i o n  going f o r  t h ree  days at i ts  optimum 

rate. A sample of the  blend was taken and arch$ved each time a batch of 

After blending, the  blend was s to red  i n  t h e  weighing tank 

grout  was mixed. 

2.2 GROUT MIXING 

For grout mixing, a concrete  mixing t ruck was used. A known quant i ty  

of blend was blown from the weighing tank t o  an empty blending tank ( the  

holding tank). 

i n t o  the  t ruck drum; and the  set r e t a rde r /d i spe r s ing  agent ( d e l t a  

gluconolactone, marketed by Hal l iburton as CFR-1 sugar)  was added. With 

t h e  drum r o t a t i n g  at high speed, the holding tank contents  were blown i n t o  

t h e  drum (Fig. 1). 

confirmed by measuring the  grout densi ty  at the  si te j u s t  after mixing and 

seve ra l  times during the  in j ec t ion .  A t  each stage of the operat ion (l.e., 

empty, with water, and with grout ) ,  t he  t ruck was weighed t o  provide 

another  check on t he  weighing and mixing. 

Using a water meter, the proper amount of water was put 

The mix r a t i o  and proper mixing of t he  grout were 

Mixing i n  t h i s  manner was not recommended i n i t i a l l y  because a 

concrete  mixer depends on t he  aggregate t o  shear  the  mix and break up 

lumps. This technique, however, worked f o r  the  demonstration because the  

grout  used was f l u i d  enough t o  be s l u r r i e d  by the  ag i t a t ed  water and few 

lumps were present  i n  the  purchased so l id s .  

A d i f f e r e n t  technique (mixing i n  a 150+gal tank) w a s  attempted at 

t h e  beginning of the f i e l d  work but was abandoned because of its i n a b i l i t y  

t o  produce a homogeneous grout and its lengthy mixing t i m e .  For the  

abandoned technique, the  preweighed quant i ty  of blend was  blown i n t o  the  

back of a dump truck covered with a t a r p a u l i n  and hauled t o  the  i n j e c t i o n  

s i t e  at SWSA-6. A t  the  site, the  proper amount of water was added t o  a 
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1500-gal tank (see  the  tank i n  t h e  background of Fig. 2) and t h e  CFR-1 

sugar  was added t o  the  water. The blend was then scooped from t h e  t ruck 

bed and dumped i n t o  the  1500-gal tank, where it was  mixed and kept  

suspended by r e c i r c u l a t i n g  the  tank contents  continuously through a 

diaphragm pump at about 80 gpm. I n  add i t ion  t o  t h e  a g i t a t i o n  provided by 

pumping the  f l u i d ,  an impel ler  stirrer kept t he  upper two-thirds of the  

tank ag i t a t ed .  

opera t ion  at average rates . 
One tank f u l l  of grout  was s u f f i c i e n t  f o r  one day's 

I n  the  f i r s t  batch made i n  t h i s  manner, no opera t iona l  problems were 

encountered. However, the  second batch became too t h i c k  t o  pump. A check 

of the weighing records quickly revealed t h a t  an excessive amount of s o l i d  

material had been inadve r t en t ly  added; and because with t h i s  technique 

t h e r e  was  no way t o  r e s l u r r y  the  grout wi th  more water, which was not 

expected, t he  batch w a s  dumped. I n  addi t ion ,  mixing using t h i s  technique 

took longer than was  an t i c ipa t ed ,  almost ha l f  a workday. 

The inherent  i n s t a b i l i t y  of t he  abandoned technique was  recognized 

p r i o r  t o  beginning f i e l d  opera t ions  as w a s  the  p o s s i b i l i t y  of mixing 

problems i n  the  o ther  technique, which involved using the  concrete  mixer 

without t he  presence of aggregate. Both techniques were kept  as opt ions 

and t r i e d  i n  the  f i e l d  operat ion.  The concrete  mixer proved t o  be easier, 

quicker ,  less troublesome f o r  mixing and de l ivery ,  and less hazardous t o  

opera t ing  personnel. Not su rp r i s ing ly ,  n e i t h e r  technique dupl ica ted  

exac t ly  the  mix used i n  the  labora tory ,  but t he  grouts  produced were 

s a t i s f a c t o r y .  The r e c i r c u l a t i n g  pump technique has worked w e l l  f o r  making 

l a r g e  batches of l ime-flyash s l u r r y ,  but, un l ike  cement grouts ,  such a 

s l u r r y  may be l e f t  unagi ta ted  overnight and st i l l  be r e s l u r r i e d .  

2.3 LANCE PLACEMENT 
The lances  were sec t ions  of 1.935kin.-ID by 2.375-in.-OD (Z-in.-diam 

schedule 80) pipe. Disposable po in t s  w e r e  placed i n  t h e  end of the  lances  

p r i o r  t o  dr iv ing  them i n t o  t h e  t rench  t o  enhance pene t r a t ion  of the  

b a c k f i l l  and t o  prevent s o i l  from blocking the  grout  e x i t .  A 120-lb 

po r t ab le  air hammer w a s  used t o  d r ive  t h e  lances  i n t o  the  t rench  (Pig. 3). 

A lance was dr iven e i t h e r  t o  the  bottom of t h e  t rench  o r  u n t i l  an 

obs t ruc t ion  w a s  encountered. Once i n  place,  t he  lance  was  pu l led  up 
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6 in . ,  the  point was knocked out of the  end (and l e f t  i n  the  ground at the  

bottom of the  hole) ,  and the  lance w a s  pul led up another 6 in., ready f o r  

grout  i n j ec t ion .  Upon grout r e fusa l  at a given depth, the lance was 

pul led  up 1 f t  and grout ing was continued. I n j e c t i o n  i n t o  a given hole  

w a s  terminated i f  grout appeared on the  sur face  of the t rench or i f  the  

pressure  required t o  i n j e c t  t he  grout was excessive (-20 ps i ) .  

Because long lances  could not be handled with t h i s  manual placement 

procedure, segments of 7 f t  or less were joined with pipe couplings t o  

keep adding length  t o  the lance u n t i l  the  des i red  depth was achieved. For 

t rench  150, two 7-ft s ec t ions  were more than 4u f f i c i en t  t o  be ab le  t o  

reach the  bottom of the  trench. I n  f a c t ,  t he  lances  usua l ly  could not be 

dr iven  as nuch as 7 f t .  The trench bottom was  approached i n  only 4 

placements out of the  36 used. I n  some cases, obs t ruc t ions  prevented 

penet ra t ion  t o  the t rench bottom; but, i n  general ,  t he  2-in. pipes of fe red  

more r e s i s t ance  t o  being dr iven i n t o  the  b a c k f i l l  than was expected. The 

120-lb hammer was j u s t  not capable of forc ing  the  2-in. pipes through the  

b a c k f i l l  at most locat ions.  However, t h i s  l i m i t a t i o n  did not a f f e c t  the  

f i n a l  outcome. A s  expected, i n j e c t i o n  i n t o  one placement gave access t o  a 

l a r g e  area of the  trench, including the area around severa l  o the r  

placements. 

Nevertheless,  f o r  deeper pene t ra t ions ,  smaller diameter pipes are 

suggested f o r  any f u t u r e  i n j e c t i o n s  using t h i s  placement technique. 

Lances made from 0.742-in.-ID by 1.05-in.-OD (3/4-in. schedule 80) pipe 

should work f o r  the  =SA-6 t rench depths and the grout uptake rates 

observed f o r  t rench 150. The smaller pipe would increase  the  f r i c t i o n a l  

pressure  drop through the  lance,  but a progressive cavi ty  pump could 

e a s i l y  handle the  extra workload while maintaining the  same flow rate. 

2.4 GROUT INJECTION 

For grout i n j ec t ion ;  a progressive cavi ty  pump with a maximum rate of 

about 15 gpm w a s  used. The  pump was fed by two 70-gal s l u r r y  mixing 

tanks. While grout from one tank was being pumped, the  o ther  was  being 

f i l l e d  with grout from the  concrete  truck,(Fig.  4). The grout was pumped 

through 50 t o  100 ft of 2-111. high-pressure hose, past  a pressure gage, 

through the  lance,  and i n t o  the  t rench (Fig. 2). 
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A pressure of 5 t o  10 ps ig  w a s  used as long as poss ib le  f o r  the  

in j ec t ion .  

t h e  pressure began t o  creep up and the  pumping rate would be decreased. 

Pump rates lower than about 5 gpm resu l t ed  i n  opera t iona l  problems f o r  t he  

motor and s l u r r y  a g i t a t o r s  ( the motor ran the  pump and the  a g i t a t o r s ) ,  

Thus, rates at 4 gpm - + 1 were not decreased fu r the r .  

p ressure  ind ica ted  s teady f i l l i n g  of the  voids,  and a sharp rise indica ted  

a bot t leneck t o  expansion or no f u r t h e r  room f o r  grout uptake. 

w a s  continued as long as poss ib le  while t h e  pressure rose slowly. 

Depending on the  depth and grout uptake behavior, i n j e c t i o n  was stopped at 

15 t o  20 psig.  Sharp rises were t r ea t ed  more carefu l ly .  Stopping 

sometimes re l ieved  the  pressure,  i nd ica t ing  t h a t  a grout flow path ex i s t ed  

but r e s i s t a n c e  t o  grout movement was high. I n  such cases, higher 

pressures  sometimes caused a breakthrough in t he  bot t leneck,  allowing 

continued operation. I f  high pressure w a s  not re l ieved  by stopping the 

pump, then the  lance depth or loca t ion  was changed. I n j e c t i o n  was  a l s o  

stopped as soon as any grout broke through t o  the  surface.  

Once the  voids access ib le  at a given loca t ion  began t o  fill, 

A slow rise i n  

I n j e c t i o n  

The lance depth was changed by pu l l ing  t h e  lance up 1 f t .  A t  the  new 

depth, grout i n j e c t i o n  w a s  continued u n t i l  r e fusa l .  Then the  e n t i r e  

process was repeated. This procedure changed once the lance was  within 2 
f t  of the  sur face ,  where e f f e c t i v e  grout ing could not occur. A t  t h i s  

po in t ,  the  lance w a s  withdrawn from the  ground, and the  grout i n j e c t i o n  

operat ion was moved t o  a new locat ion.  

a hydraul ic  jack or  a small crane. The jack was small, por tab le ,  and easy 

t o  operate;  but it took longer t o  use and w a s  subjec t  t o  contamination. 

The crane was used exclusively after the  first two days because it was 

quicker ,  operated smoother, and el iminated the  p o s s i b i l i t y  of 

contamination. The crane was  also needed t o  s a f e l y  handle the  air hammer 

f o r  lance placement; it served w e l l  i n  both jobs.  

The lance was pul led up e i t h e r  by 

The procedure was  d i f f e r e n t  once sur face  breakthrough occurred. Such 

breakthroughs can be categorized as (1) oozing around the  i n j e c t i o n  lance,  

(2) oozing around another previously i n s t a l l e d  lance,  (3) oozing up a 

previous i n j e c t i o n  hole,  o r  (4) oozing au t  of a new pathway on the 

sur face .  Sometimes packing the e x i t  at the  sur face  and wai t ing a few 

- .  
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minutes allowed i n j e c t i o n  t o  be continued. This worked e s p e c i a l l y  w e l l  

f o r  oozing around the  lances  and occas iona l ly  worked f o r  new pathways. 

Once a pathway developed a t  t he  su r face  with the  lance at one depth, 

i n j e c t i o n  at  a shallower depth i n  t h e  hole would not work because grout 

would follow t h i s  same pathway t o  the  surface.  Therefore,  once such a 

breakthrough occured, t he  lance w a s  removed and the  hole w a s  abandoned. 

One of t hese  four  types of breakthroughs did occur at  most of the 

i n j e c t i o n  holes ,  r a t h e r  than the lances  being withdrawn t o  the  su r face  in 

t h e  o rde r ly  fashion described ear l ie r  in t h i s  s ec t ion .  

3. I N J E C T I O N  

3 . 1  GROUT QUANTITY AND LOCATION 

Figure 5 i l l u s t r a t e s  the grout l o c a t i o n  po in t s  used. Table 1 l is ts  

t h e  quan t i ty  of grout i n j e c t e d  a t  each l o c a t i o n  and t h e  depth at which the 

i n j e c t i o n  occurred. The depths r e f e r r e d  t o  i n  Table 1 were the d i s t ances  

below the excavated su r face ;  the t rench bottom w a s  a t  a depth of 

1 0 . 8  f t  (3.3 m). The t o t a l  t rench volume f o r  t h i s  depth w a s  5564 f t 3  

( 4 1 , 6 1 9  gal  o r  1 5 7 , 0 0 0  L). A t o t a l  of 8081 g a l  of grout w a s  i n j e c t e d  

i n t o  the  trench, r ep resen t ing  19.4% of the  t rench volume (excavated). The 

a c c e s s i b l e  void volume w a s  estimated at 20% by T. Tamura.3 

The i n j e c t i o n  was accomplished i n  two s t eps .  The 1 8  primary 

i n j e c t i o n s  were done in a diamond p a t t e r n  with 10 f t ,  measured c e n t e r  t o  

c e n t e r ,  between i n j e c t i o n  po in t s ,  (Fig. 5 ) .  The 18 secondary i n j e c t i o n s  

were done midway between the primary po in t s ,  r e s u l t i n g  i n  an i n j e c t i o n  

e i t h e r  primary o r  secondary, being made about every 5 f t .  Over 85% of the 

t o t a l  volume of grout was i n j e c t e d  i n  t h e  primary i n j e c t i o n s ,  Note t h a t  

most of the grout w a s  i n j e c t e d  i n t o  only a few holes (Table 1). Primary 

i n j e c t i o n s  at F-2, C-3, 1-3, and B-2 accounted f o r  3 8 . 4 % ,  2 1 . 5 % ,  7.7%, and 

4 . 8 % ,  r e spec t ive ly ,  of the t o t a l ,  f o r  a cumulative t o t a l  of 72.4%. Of the  

secondary i n j e c t i o n s ,  only F-1 provided a s i g n i f i c a n t  amount of the t o t a l  

( 5 . 9 % ) .  Through these f i v e  holes ,  78.3% of t he  grout was in j ec t ed .  

Based on t he  grout  uptake loca t ions ,  t h e  t r ench  can be roughly 

divided i n t o  th ree  regions: north,  c e n t r a l ,  and south. As expected, a 
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1 3  

Table 1. Summary of grout i n j ec t ion  of trench 150 
~- __ ~~ ~ ~ 

Uptake 
In j ec t ion  Loca- Depth Volume T i m e  rate 

No. t i on  ( f t )  (ga l )  (min> ( g w >  Reason f o r  stopping 

Primary in jec t ions  

1 B-2 9.5 360 38 9.5 Breakthru 1.7 f t  S of B-1 

7.5 25 2 12.5 Changing depth no help 

2 C-3 2.5 1740 300 5.8 Breakthru between 150 & 152a 

3 C-1 6.75 207 30 6.9 Breakthru at  B-2 

4 D-2 5.2 0 0 High pressure 

4.0 0 0 Breakthru at C-1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

5 E-3 6.0 

6 E-1 5.5 

7 F- 2 8.5 

7.5 

6.5 

5.0 

3 .O 

0 3  5.9 

G-1 10.0 

H-2 4.0 

1-3 6.1 

1-1 3.25 

5-2 4.4 

K-3 3.8 

G 2  4.8 

K- 1 7.2 

A-1 6.0 

A-3 6.0 

19 
20 

21 

22 

60 5 12.0 

38 5 7.6 

171 64 2.7 

5 91 80 7.4 

1685 260 6.5 

180 40 4.5 

480 75 6.4 

0 0 

85 10 8.5 

0 0 

62 5 65 9.6 

150 17 8.8 
80 11 7.3 

70 10 7.0 

150 15 10.0 

30 3 10.0 

185 45 4.1 

7 1 7.0 

Breakthru at C-1 

Breakthru at W2 

High pressure, low pump rate 

Grout thickening 

High pressure, low pump rate 

High pressure, low pump r a t e  

Breakthru between 150 6r 152 

Breakthru at F-2 

Breakthru 3 f t  S of D-2 

Breakthru at 0 3  

Breakthru between 150 & 152 

Breakthru within 1 f t  of 1-1 

Breakthru at  1-3 

Breakthru at  K-3 wall 

Breakthru at K-1 & pad 

Breakthru within I f t  of K-1 

Breakthru 1 f t  N of F-1 

Breakthru at  A-1 

Secondary in j ec t ions  

F-1 8.5 4 80 60 8.0 Breakthru W at 150 & S of D-1 

F-3 8.2 80 10 8.0 Breakthru S of D.1 

6 2  3.75 0 0 Breakthru at  0.1 w a l l  

H-1 5.25 20 3 6.7 Breakthru 4 f t  N of H-1 
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Table 1 .  (Continued 1 

In jec t ion  Loca- Depth 
No. t ion  ( f t )  

Uptake 
Volume Time r a t e  
(gal)  (min) (gpm> Reason for  stopping 

2 3  

24 

25 

2 6  

29 

2 8  

2 9  

3 0  

31 

32 

3 3  

34 

3 5  

3 6  

I t 3  4 . 6  

E-2 5.3 

ID-3 1.0 

D . 1  2 .5  

A-2 4 . 7  

€?-I 4.1 

E-3 4.1 

c-2 5 .75  

1-2 3 . 0  

J-1 6 . 6  

5-3 3 . 4  

K-2 2 . 8  

L-3 2 . 3  

L-1 2 .0  

Total 

Secondary Injections. 

110 15 9.3 Breakthru between 150 & 152 

10 2 5 , O  Breakthru a t  F-3 

0 0 Too shallow 

10 2 5.0  Breakthru at D-3 

20 12 1.9 Breakthru 2 f t  N of C-2 ti C-3 

25 7 3 .6  Breakthru W of 150 

55 15  3 .7  Breakthru at C-2 

125 2 9  4 . 3  Breakthru at B-3 

30 6 5.0 Breakthru 1 f t  S of H-1 

40 8 5.0 Breakthru 1 f t  N of L-1 

10 2 5.0 Breakthru a t  J - 3 ,  1 f t  S of K-3 

5 1 5.0 Same as 5-3 

135 45 3.0 Breakthru 3 f t  W of L-3 

7 2 3 . 5  Too shallow - 
8081 1325 6.1  av 

~- ~ 

atireakthrough occurred between trench 150 and 1 52. 

grea t  deal  of hydraul ic  interconnect ion e x i s t s  wi th in  the  trench and 

p a r t i a l l y  def ines  these  three  regions.  Once a region was sa tu ra t ed  with 

grout ,  f u r t h e r  addi t ion  r e su l t ed  i n  upwelling of grout  from another  hole 

o r  a previous breakthrough, The northern region w a s  s a tu ra t ed  by the  

i n j e c t i o n s  i n t o  B-2, C-3, and C-1. The cen t r a l  region was sa tu ra t ed  by 

t h e  i n j e c t i o n  i n t o  F-2, and the  southern region, by the i n j e c t i o n  i n t o  1-3. 

Of the  secondary in j ec t ions ,  only the  f i rs t  i n j e c t i o n ,  i n  t h e  middle 

po r t ion  of the t rench at F-1, took a l a rge  amount. However, the  remaining 

30 i n j e c t i o n s  s t i l l  accounted f o r  20% of the  grout  i n j ec t ed  and cannot be 

disregarded.  

Based on the  r e s u l t s  of t h i s  demonstration, the  i n i t i a l  i n j ec t ions  

could have been made on 20- t o  25-ft centers .  Also, stopping at the  end 
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of the  workday when a given hole was s t i l l  tak ing  grout  at a good ra te  may 

have caused some access ib l e  voids t o  be sea led  off when the  grout  set 

overnight  (only the  i n j e c t i o n s  i n t o  C-3 and F-2 were not completed in one 

workday). To prevent t h i s  i n  the  fu tu re ,  operat ion should be stopped only 

a f t e r  grout  r e fusa l  of a g3ven hole.  Once a region is sa tu ra t ed ,  f u r t h e r  

i n j e c t i o n  while t he  i n j e c t e d  grout i s  s t i l l  f l u i d  i s  usual ly  p o i n t l e s s  

because the  regions are so hydrau l i ca l ly  connected t h a t  fo rc ing  in grout 

at one point  j u s t  fo rces  grout out a t  another point .  A more e f f e c t i v e  

method f o r  t he  f u t u r e  would be t o  allow the  grout  t o  set af ter  s a t u r a t i o n  

is reached i n  a given region before i n j e c t i n g  more grout  i n t o  the  region. 

This  should plug the  previous hydraul ic  connections and fo rce  grout i n t o  

new areas. 

3.2 TIME: AND RATE 

The t i m e  and rate of i n j e c t i o n  can be def ined i n  seve ra l  ways. For 

example, based on t o t a l  t i m e  and volume and average uptake rate i n  

Table 1, i t  took 22 h t o  i n j e c t  8081 ga l  of grout i n t o  t rench 150 a t  an 

o v e r a l l  ra te  of 6.1 gpm. However, t h i s  can be misleading s ince  t h e  j o b  

took a t o t a l  of 11 days. The values reported i n  Table 1 represent  only 

t h e  times when i n j e c t i o n  w a s  occurr ing and do not include support  

opera t ions  such as blending, mixing, and lance placement. In  genera l ,  

grout  uptake rates s t a r t e d  high and had t o  be reduced as the  voids f i l l e d  

and pressure  increased,  but the  rates reported i n  Table 1 are ove ra l l  

averages f o r  t he  given in j ec t ions .  Spot checks of the  pump rate agreed 

wi th  these  ove ra l l  rates, so the  times and rates reported i n  Table 1 are 

i n d i c a t i v e  of the  grout  uptake rate f o r  a given i n j e c t i o n .  

If  an average i n j e c t i o n  ra te  is based on number of days worked ( l l ) ,  

an average of 735 ga l lday  w a s  i n j ec t ed  i n t o  t rench  150. However, t h i s  

per iod  includes some t i m e  when l i t t l e  o r  no grout  was in jec ted .  The f i r s t  

two days were used t o  set up the opera t ion  and the  equipment. The next 

two days were spent f a m i l i a r i z i n g  the  personnel wi th  the  opera t ion  and 

equipment and t r y i n g  t h e  r e c i r c u l a t i o n  mixing technique; only 385 gal was 

i n j e c t e d  during these  two days. Thus, the  d a i l y  rates can be summarized 

as 0 ga l /d  f o r  the  f i r s t  two days, about 200 gal /d  f o r  t he  next two days, 

and about 1100 g a l l d  f o r  t he  remaining seven days. 
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The f i e l d  opera t ion  w a s  designed around an 8-h workday and a 1500-gal 

batch of grout.  It w a s  expected tha t  1500 ga l  of grout could be mixed and 

i n j e c t e d  i n t o  the  ground wi th in  a normal 8-h workday, with t i m e  l e f t  f o r  

cleanup and s e t t i n g  up f o r  t he  next day. Thus, the  workday w a s  def ined 

around the  grout  batch, with the  hours remaining f l e x i b l e ,  (i.e.,  t he  

workday ended when the  batch w a s  i n j ec t ed  and the  equipment w a s  cleaned).  

A t  t he  beginning, 1500-gal batches were used; and, as expected, an e n t i r e  

batch could be in j ec t ed  i n  c lose  t o  the  des i red  t i m e .  A s  t he  t rench 

became sa tu ra t ed  and the  grout uptake rate slowed, the  batch size w a s  cut 

i n  half  ( t o  750 gal) .  The workday hours remained about the  same because 

mixing the  smaller batch took j u s t  as long as mixing the  l a r g e r  batch,  the 

i n j e c t i o n s  took longer,  and much more t i m e  w a s  required f o r  moving from 

hole  t o  hole  and d r iv ing  lances.  

I n  t h e  t r a n s i t i o n  period between l a r g e r  and smal le r  batches,  when 

1500-gal batches were s t i l l  being used but t he  t i m e  f o r  i n j e c t i o n  was 

s i g n i f i c a n t l y  longer,  the  grout thickened unexpectedly ea r ly  toward the  

end of a batch. Laboratory tests had demonstrated t h a t  t he  grout would 

set  overnight but would not thicken f o r  8 h or  more i f  ag i t a t ed .  However, 

thickening occurred i n  the  f i e l d  a f t e r  only 7.5 h, probably because d i r e c t  

sun l igh t  and ‘nlgher temperatures speeded up the  cement reac t ions .  A l l  of 

t h e  equipment was cleared of the  rap ld ly  thickening grout except f o r  two 

s e c t i o n s  of lance pipe. Operation around 7 h a f t e r  grout was mixed was 

avoided for the  rest of the  pro jec t .  

4 .  ANALYSIS OF THE LANCE TECHNIQUE 

4.1 SMALL-SCALE MANUAL EFFORT 

The grout ing technique used i n  t h i s  demonstration w a s  simple and 

s t r a igh t fo rward  and w a s  e a s i l y  learned by inexperienced crew. The 

equipment needed w a s  inexpensive and r ead i ly  ava i l ab le .  Driving the  pipe 

w a s  hindered by the  large pipe s i z e  (2-in. diam), but using a smaller pipe 

(3/4-in. diam) would have solved t h i s  problem. 

This  technique w a s  labor  intensive.  A minimum of two men could have 

performed a l l  t he  operat ions,  but t i m e  would have been s a c r i f i c e d .  Only 

t h e  mixing and i n j e c t i o n  had t o  be done sequen t i a l ly ;  blending and lance 
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placement were done at  the same t i m e  as 

w e r e  used f o r  t h i s  f i e l d  demonstration, 

d r i v i n g  w a s  required; but t h i s  was  more 

performed by c r a f t  workers; and because 

o the r  operations.  Ten workers 

more when blending o r  t ruck 

than was necessary. The work w a s  

no craft e x i s t s  f o r  "grout worker" 

a t  O W ,  two or more d i f f e r e n t  c r a f t s  were required i n  s i t u a t i o n s  t h a t  one 

worker could handle f o r  commercial grout ing firms, A l s o ,  some manpower 

dup l i ca t ion  w a s  necessary t o  continue operat ion during breaks and meals. 

Two workers can handle a l l  t h e  tasks i f  the grout batch can be used over a 

per iod o f  seve ra l  days, as i n  the  ease of lime-flyasb grouts.  Cement 

g rou t s  must be i n j e c t e d  i n  a matter o f  hours, and m~re workers are 

necessary t o  handle tasks  t h a t  need t o  be done simultaneously. If a l l  the 

workers can work interchangeably,  then a minirnim number o f  four  or fPve 

could perform the operation. This would supply enough workers t o  blend, 

mix, place lances,  and i n j e c t  and s t i l l  provide coverage f o r  s taggered 

breaks and meals. 

Maneuvering around buried o b j e c t s  is more time consuming and complex 

with t h i s  technique than it  would be f o r  a mobile lance machine. Several  

s t e p s  involving two or more workers are required: (1) d r i v i n g  the  lance 

down u n t i l  an obs t ruc t ion  is met, (2)  removing t h e  hammer and a t t a c h i n g  

t h e  p u l l e r ,  (3) p u l l i n g  up t h e  lance,  and (4) r e p o s i t i o n i n g  the  lance and 

d r i v i n g  at t h e  new loca t ion .  The a c t u a l  d r i v i n g  takes  only n few minutes, 

but r e l o c a t i n g  can take 15 min or more, e s p e c i a l l y  i f  a hydrau l i c  j ack  is 

used t o  p u l l  up the lance. 

The grout ing operat ion could be speeded up by using a header system 

and i n j e c t i n g  i n t o  more than one lance a t  a t i m e .  ' I n i t i a l l y ,  when grout 

uptake rates are c lose  t o  the  pump maximum, d iv id ing  the  flow would not 

he lp  mch.  A s  the voids f i l l  and the  rate f o r  an ind iv idua l  lance 

decrease,  the bene f l t  becomes obvious. 

4.2 COMPARISON TO A MOBILE LANCE MACHINE 

The mobile lance machine is not a standard grout ing machine rou t ine ly  

a v a i l a b l e  from t he  t y p i c a l  grout ing vendor. Rather,  it c o n s i s t s  of a 

lance o r  lances mounted on a machine t h a t  is ab le  t o  quickly and e a s i l y  

p o s i t i o n  itself at any point  des i r ed ,  quickly i n s e r t  the lance t o  the 

des i r ed  depth, quickly s t o p  or r e p o s i t i o n  a lance i f  an obs t ruc t ion  is 

encountered, and i n j e c t  grout as soon as a lance 1s i n  place.  Such 
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machines have not been rou t ine ly  used with cement-based grouts.  They were 

o r i g i n a l l y  developed f o r  lime-flyash i n j e c t i o n s  i n t o  r a i l r o a d  beds. 

Companies such as Woodbine, Inc., F t .  Worth, Texas, have machines with up 

t o  four  independent lances t h a t  go as deep as 40 f t .  The lances  are not 

as rugged as the thick-walled pipe used i n  t h i s  demonstration, but they 

proved t o  be rugged enough i n  the loose t rench b a c k f i l l  f o r  a 

demonstration conducted by Woodbine i n  a nonradioactive t rench a t  SWSA-6. 

With such a machine, the grouting of trench 150 could have s t a r t e d  with 

f o u r  evenly spaced, simultaneous i n j e c t i o n s  along the  north-south axis. 

Based on t h e  r e s u l t s  reported i n  Table 1, 75% t o  80% of t he  t rench could 

have been grouted from t h i s  i n i t i a l  set of i n j e c t i o n s .  Next, as many 

i n j e c t i o n s  as des i r ed ,  wherever desired,  could have been made t o  ensure 

topping off the trench. 

The concept appears f e a s i b l e  and o f f e r s  the advantages of quicker,  

less labor- intensive operat ion over t he  technique used i n  t h e  

demonstration. D i f f i c u l t i e s  do e x i s t  i n  acqu i r ing  the s e r v i c e s  of such a 

machine. The lime-flyash vendors possess the most advanced machines, but 

they have had l i t t l e  experience i n  grout ing with cement grouts.  The 

cement grout vendors have had l i t t l e  experience with such machines. The 

few vendors t h a t  claim experience with both m y  not wlsh t o  work i n  areas 

contaminated with r ad ioac t iv i ty .  The advantages of t h i s  technique over 

t h e  labor- intensive technique are much more apparent f o r  l a r g e r  jobs, such 

as grout ing a l l  t h e  trenches i n  SWSA-6. For small jobs,  such ips grout ing 

Trench 150, t he  t i m e  advantage m y  be s m a l l  o r  nonexis tent .  U s e  of a 

mobile lance machine on s m a l l  jobs  may cost  more due t o  the  l a r g e  

mobil izat ion e f f o r t  needed t o  move the  machine t o  t he  s i te .  

5. ECONOMIC ANALYSIS 

5.1 DRY BLEND COMPONENTS 

Table 2 r epor t s  the cost  of the dry blend components. No bentoni te  

was purchased f o r  t h i s  demonstration because p l en ty  100-lb bags were 

a v a i l a b l e  f o r  use a t  NHF. The cost for bentoni te  given i n  Table 2 is the 

cos t  quoted i n  the  economic a n a l y s i s  of i n  s i t u  grout ing done f o r  EG&G 

Idahoe4 For only a few tons of bentoni te ,  the shipping charges are higher 
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Table 2, Cost of dry blend components 

c o s t  
Quan t i ty  

Component Source (t 1 $/t Tota l  $ 

Type 1 Port land Dixie Cement Company, Tnc., 23.5 61-31 144 1 
cement Knoxville,  Tennessee 

Eas te rn  class C American Flyash Company 50 40 2000 
f lyash  Des Pla ines ,  I l l i n o i s  

Beirtoni te  Black H i l l s  Bentonite 
M i l l s ,  Wyoming 

3 8a 

a h i c e  without f r e i g h t  cos t s  from M i l l s ,  Wyoming, t o  Oak Ridge, 
Tennessee, 

than the  material cost. From Table 2 ,  the  purchase p r i c e  of bentonl te  w a s  

about $0.02/lb ($0.044/kg), Assume t h a t  t h e  de l ivered  cost  was $0.05/lb 

($O.ll/kg). From Table 2 ,  t he  de l ivered  c o s t s  of cement and flyash were 

$0.03/lb ($0.066/kg) and $0.02/lb ($0.044/kg), respec t ive ly .  The target 

mlx r a t i o  of 12.5 l b  dry blend per ga l lon  of water had a r e s u l t a n t  

dens i ty  of about 13.5 lb /ga l  of grout (1.62 kg/L). Therefore ,  each ga l lon  

of grout  was  ca lcu la ted  t o  contain 3.2. l b  of cement, 4.5 l b  of f lyash ,  

and 0.4 l b  of bentoni te .  Ignoring water cos t s ,  each ga l lon  of grout  cos t s  

$0.10 f o r  cement, $0.09 for f lyash ,  and $0.02 f o r  bentoni te ,  f o r  a t o t a l  

of $0.21/gal of grout ($0.055/L). Thus, the  t o t a l  cos t  of the  grout  

i n j e c t e d  i n t o  t rench 150 was $1697. About 300 gal,  represent ing  $630, w a s  

dumped or wasted because of learn ing  e r ro r s .  

5.2 EQUIPMENT AND LABOR COSTS OF DEMONSTRATION PROJECT 

Table 3 shows the  cost of ren t ing  grout ing  equipment from a l o c a l  

grout ing  firme The t o t a l  equipment Costs were $3449. Discounting the  4-d 

l e a r n i n g  and experimental  per iod and t h e  cost for the technical. advisor  

leaves  $1773 f o r  equipment cos t s  during the  period of a c t i v e  in j ec t ion .  

A s  shown i n  Table 4, a t o t a l  of about 1217 work-hours was used to grout 

t rench  150 a t  an est imated cos t  of about S50,OOO. Based on t o t a l  

equipment c o s t s  of $3449 and t o t a l  l abor  cos t s  of $50,000, the  p e s d a y  
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c o s t  of manpower and equipment was about $4800. Of the  11 d of operat ion,  

4 d w e r e  spent i n  s e t t i n g  up, i n s t r u c t i n g  the workers, and experimenting 

wi th  the  mixing procedure; during the  remaining 7 d ,  t h e  bulk of the 

grout ing  w a s  done. Using the  estimated d a i l y  cos t  of $4800, these  7 d 

cos t  $33,600. Based only on the  7-d period, about 1150 ga l  of grout  w a s  

i n j e c t e d  per day i n t o  t rench 150 a t  a cos t  of $242/d f o r  t he  grout ;  a t o t a l  

d a i l y  cos t  of manpower, equipment, and grout w a s  $5,042. 

The work-hours reported i n  Table 4 include some overtime and some 

dup l i ca t ion  of personnel. Based on the  work-hours used and an &h 

workday, the  job  averaged 14 people, including the  foreman, the  engineer,  

and the  blending opera tors  (hydrofracture) .  

5.3 ESTIMATE OF COMMERCIAL OPERATION COSTS 

An estimate of cost  f o r  a commercial opera t ion  t o  perform t h i s  j o b  is 

u s e f u l  f o r  comparison purposes. As expresssed i n  Sect 4.1, a commercial 

opera t ion  probably could use a working crew of f i v e  ( inc luding  the  foreman) 

p lus  a part-t ime engineer.  ORNL would s t i l l  need t o  provide some support 

[e.g.% a hea l th  phys i c i s t  (HP)]. Therefore, a crew of s ix  ( inc luding  the  

HP and excluding the engineer) ,  working 48 work-hours per day at  an 

est imated $40 per work-hour cos t s  $1 920/d. Equipment cos t s  are est imated 

t o  run $219/d, based on the  d a i l y  cos t s  l i s t e d  i n  Table 3 (excluding the  

t echn ica l  advisor  and d r i v e r  bu l l e t s ) .  An estimate of grout  cos t  is 

$242/d (any unused grout must be discarded at  the  end of each day). Tota l  

es t imated cos t s  t o  t h i s  pojtnt are (1) manpower, $1920/d; (2) equipment, 

$219/d; and (3) grout ,  $242/d. Overhead and p r o f i t  f o r  the  commercial 

vendor would increase  the  p r i c e  by about 25% t o  $3000/d, o r  about 

$2.60/gal of grout in jec ted .  

A commercial opera t ion  would requi re  one day t o  set up, and the  

smaller crew would l i k e l y  take longer t o  complete the  job. The job  could 

t ake  11 d, as i n  the  demonstration, but without the  learn ing  t i m e .  This 

assumption gives  an expected cost of about $33,000 fo r  a vendor t o  grout  

t rench  150 using the  same technique as used i n  the  demonstration. I f  a 

mobile lance machine is  used, a mobil izat ion cost of severa l  thousand 

d o l l a r s  would be charged with l i t t l e  advantage i n  t i m e  o r  money f o r  a 

small j ob  such as t h i s  one. Thus, t he  t o t a l  cos t  could be $40,000, or  
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Table 3. Cost of r en t ing  grout ing  equipment 
from Rembco Engineering Corp., 

Knoxville,  Tennessee 

c o s t  
Equipment $/uni t Tota l  $ for 11 d 

Pump and tanks 
Casing p u l l e r  
Casing d r i v e r  
1500-gal tank and pump 
Mixer 
Casing s e c t i o n s  ( 9 8  ft) 
Driver  b u l l e t s  (40) 
Technical advisor  (5 d )  

Tota l  

65/d 
20 /d 
20/d 
50/d 
5Q/d 
14/d 

160/d 
6 ea 

71 5 
220 
220 
550 
550 
154 
240 
$00 

344 9 

Table 4,  Est imates  of manpower used for grout ing  t rench  150 

Worker Work-hoursa Cost ($) @ $40/work-hoursb 

Labor e r s 473 
Truck d r i v e r s  191 
P i p e  f i t t e r s  135 
Power equipment opera tors  132 
Engineer 88 
Foreman 88 
Health phys ic i s t  60 
Hydrofracture  opera tors  50 

18,920 
7,640 
5,400 
5,280 
3,520 
3,520 
2,400 
2,000 

Tot a1 1217 48,680 

aWork Order A301 8EG1. 
bNomina1 work-hour costs chosen a r b i t r a r i l y  but t y p i c a l  of 

cur ren t  ORNL cos ts .  
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more, for a s i n g l e  trench. The b e n e f i t s  of using t h e  machine would become 

more apparent as the s i z e  of the proposed job  Increased, 

6 .  LESSONS LEARNED 

1. The access ib l e  voids i n  a s h a l l o w l a n d  b u r i a l  can be grouted with 

a f l u i d  s l u r r y  grout. 

2. Up t o  a t h i r d  of a t rench the s i z e  of t rench 150 can be f a i r l y  

s a t u r a t e d  with a f l u i d  s l u r r y  grout from a s i n g l e  i n j e c t i o n  hole,  a l i n e a r  

d i s t a n c e  of about 20 f t .  

3. Such s i n g l e  i n j e c t i o n  points  can grout up t o  80% of the trench. 

The remaining 20% requ i r e s  s eve ra l  s c a t t e r e d  i n j e c t i o n  points .  

4. A f t e r  a single-point i n j e c t i o n  t o  s a t u r a t i o n  of a given area, any 

immediate a t tempts  t o  grout i n  the  same area usua l ly  push grout  out of 

a previously used hole or a previous breakthrough zone. A b e t t e r  

s t r a t e g y  is t o  allow the grout t o  set ( t o  seal t h e  hydraul ic  connections) 

before attempting more i n j e c t i o n s  i n  the  same area. 

5 .  The simple lance technique can be quickly learned and used t o  

grout  trenches.  

6. Two-inch-diam pipe is too l a r g e  t o  be e a s i l y  dr iven i n t o  the 

loose  b a c k f i l l  of the trench. The hydraul ic  connections among the  trench 

voids s t i l l  allow grout ing,  even with only p a r t i a l  i n s e r t i o n  of the lance; 

but  smaller pipes would allow easier i n s e r t i o n  t o  the  t rench bottom. 

7. A concrete mixing truck can be used t o  mix a f l u i d  s l u r r y  as long 

as the dry powders do not contain excessive amounts of lumps. 

8. I f  too much s o l i d  is added t o  the mix using the r e c i r c u l a t i n g  

tank, the s o l i d  w i l l  not remain suspended, and subsequent adjustment t o  

t h e  proper mix r a t i o  becomes d i f f i c u l t  or impossible. This r e c i r c u l a t i n g  

tank should be avoided, or the operators  should be aware of proper s o l i d s  

addi t ion.  I n  add i t ion ,  mixing i n  t h i s  tank is much slower than mixing i n  

t h e  concrete mixing truck. 

9. On the  average, the grout uptake rate w a s  6.1 gpm, with an 

average of 1154 ga l /d  in j ec t ed .  Thus, only about 40% of an 8-h workday 

was used i n  grout i n j ec t ion .  The remainder of the t i m e  w a s  used i n  mixing 

t h e  grout ,  d r iv ing  and p u l l i n g  the lances ,  and cleaning up. 
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10. Grout thickening may OCCUK quicker  i n  f i e l d  opera t ion  than i n  

t h e  labora tory ,  and temperature e f f e c t s  on s e t t i n g  t i m e  should be known. 

11. Grouting opera t ions  should be conducted on a 24-h/d b a s i s  i f  

t he  grout  uptake j u s t i f i e s  i t;  tha t  is, an i n j e c t i o n  should not be stopped 

overnight  if t he  hole is s t i l l  tak ing  grout. 

1 2 .  No grout  r e tu rn ing  t o  the  su r face  w a s  contaminated with 

r a d i s a c t i v i  t y  

7. SUMMARY 

I n  August 1986, t rench 150 was grouted with a p a r t i c u l a t e  grout .  The 

grout  cons is ted  of a blend of cement, f l yash ,  and bentoni te  mixed wi th  

water  at a r a t i o  of 12.5 l b  of blend per  ga l lon  of water. The s o l i d  

components were blended pneumatically i n  equipment a v a i l a b l e  at NHF. This  

blend was mixed with water i n  a concrete  mixing t ruck  t o  make t he  

p a r t i c u l a t e  grout .  Another mixing technique was judged i n f e r i o r  t o  using 

t h e  concrete  mixing t ruck  and was  abandoned. The grout  was i n j e c t e d  i n t o  

t h e  t rench through lances .  These lances ,  which were 2-in.-diam pipes  with 

a disposable  point  i n  one end, were dr iven  i n t o  the  t rench  with a 

pneumatic hammer. A progressive cav i ty  pump forced the  grout  through the  

p ipe  and i n t o  the  trench. 

A t o t a l  of 8081 gal of grout w a s  i n j e c t e d  i n t o  t rench 150 at  an 

average r a t e  of 6.1 gpm. The e n t i r e  opera t ion  took 11 d. About 80% of 

t h e  grout  w a s  i n j e c t e d  i n t o  only 5 holes  out  of t he  36 used. The i n j e c t e d  

grout  volume, 8081 g a l ,  is 19.4% of the  t o t a l  t r ench  volume (not counting 

t h e  overburden excavated p r i o r  t o  grout ing) .  

void volume of t he  t rench  is 20%; thus,  8081 ga l  is 97% of the  access ib l e  

void volume. Because some grout breakthroughs occurred ou t s ide  the  

t r ench ,  not a l l  of t he  In j ec t ed  grout  is in t rench  150; t he  amount of 

grout  ou t s ide  the  t rench and the  exact  l oca t ion  of the  i n j e c t e d  grout  are 

unknown at t h i s  time. Future  assessment and monitoring w i l l  g ive  a better 

i d e a  of t he  grout  l o c a t i o n  and any b e n e f i t s  from t he  grout ing.  

The est imated access ib l e  

The technique used to  grout  t h i s  t rench  w a s  l abor  i n t e n s i v e  but 

simple and s t ra ight forward .  A mobile lance machine would respond quicker  

t o  hidden obs t ruc t ions  and would be less labor  i n t e n s i v e  than the  
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technique used. For a s ingle  trench the s i z e  of trench 150, the 

advantages of the lance machine are o f f se t  by the small s i z e  of the j o b  

and the higher fixed costs  of the machine. 

The grout used for thfs  job cast about $0.21/gal; for a tota l  cost of 

$1697. A tota l  of 1217 work-hours was  used for th is  grouting operation, 

and renting the grouting equipment cost $3443. 



25 

REFERENCES 

1. 0. K. Tallent, E. W. MeDaniel, R. D. Spence, and T. T. Godsey 

Initial Formulation Results for In Situ Grouting of a Waste Trench at 

- ORNL Site No, 6, ORNL/TM-10299, Oak Ridge National Laboratory, January 

1987. 

2. Natural Resources and Environmental Protection Cabinet, Department for 

Environmental Protection, Maxey Flats Branch, Commonwealth of 

Kentucky, In Situ Waste Grouting Technology Demonstration Maxey Flats 

Nuclear Waste Disposal Site, Frankfurt, Kentucky, prepared for the 

U.S.  WE, January 1985. 

3. T. Tamura, O a k  Ridge National Laboratory, private communication, 

August 1 986. 

4. R. D. Spence, Cost Estimate of Grouting the Proposed Test Pits at 

Idaho National Engineering Laboratory Using the Om-Recommended 

Grouts, ORNL/TM-10025, Oak Ridge National Laboratory, August 1987. 





27 

APPEND1 XE S 





2 9  

Appendix A 

CALCULATED GROUT POSITION FOR THE HIGH UPTAKE HOLES 

The grout pos i t ions  were ca lcu la ted  by assuming a 20% grout volume 

Thus, only and assuming tha t  grout f i l l e d  the trench depth of 10.8 f t .  

a reas  f o r  the  f i v e  l a r g e s t  grout uptakes were ca lcu la ted  (Figs. A.l 

through A.5). 

idea  of the  coverage achieved from these f i v e  in j ec t ions .  

specula tes  on the  combined coverage of the  f i v e  In jec t ions .  

These assumptions are flawed, but the  f igu res  give some 

Figure A.6  
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Fig. A . l .  Estimated position of grout f o r  inject ion B-2. 
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Fig. A.2. Estimated position of grout for injection C-3. 
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Fig. A . 3 .  Estimated position of grout for in jec t ion  F-2. 
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Fig. A . 4 .  Estimated position of grout for injection 1-3. 
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Fig. A.5. Estimated position of grout f o r  injection F-1. 
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F i g .  A . 6 .  P o s s i b l e  d i s t r i b u t i o n s  of grout  f o r  i n j e c t i o n s  B-2, 
C - 3 ,  F-2, 1-3, and F-1. 
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Appendix B 

GROUT THICKENING 

Grout th ickening  was s tud ied  i n  the  l abora to ry  by a g i t a t i n g  t h e  

grout  us ing  the  Hobart mixer and rneasurlng t h e  apparent  v i s c o s i t y  (300 rpm 

on t h e  Fann viscometer o r  511/s) over  t i m e ,  

in Fig. B.1. 

compared wi th  the  22 l b f / f t 2  r epor t ed  i n  r e f .  1. 

measured a t  3 rpm on t h e  Fann viscometer) .  A t  600 rpm (1022.04/s), t h e  

g e l  s t r e n g t h  w a s  216 lbf /100  f t 2  a f t e r  8 h. 

begin an exponent ia l  i nc rease  at about 8 h. However, ope ra t ion  up t o  8 h 

appears safe .  Only one batch experienced grout  th ickening  i n  t h e  f i e l d  

ope ra t ion  when a slow grout  uptake rate extended the  ope ra t ion  t o  7.5 h 

a f t e r  grout mixing. Thus, t he  f i e l d  ope ra t ion  could not s a f e l y  ope ra t e  up 

t o  8 h. L ike ly  d i f f e r e n c e s  i n  temperature  and a g i t a t i o n  r e q u i r e  an 

a d d i t i o n a l  t i m e  s a f e t y  f a c t o r  when s c a l i n g  up t o  f i e l d  operat ion.  

The r e s u l t s  are presented 

The 10-min gel s t r e n g t h  after 8 h w a s  17 lb f /100  f t 2  as 

(Gel s t r e n g t h s  are 

The v i s c o s i t y  appears  t o  

The f l u i d i t y  of t he  grout  w a s  also measured in t h e  f i e l d  wi th  a flow 

cone (ASTM C 939-81). The s tandard  for water i s  8 s. Water was measured 

t o  be 8 8 ,  and t h e  grout  was  11 s. 
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