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PREFACE 

The 1980 Concrete Decontamination Workshop brought  t oge the r  r e p r e s e n t a t i v e  

of i n d u s t r i a l  f i r m s  p r o v i d i n g  decontaminat ion equipment, techniques, and 

exper t i se ,  as we1 1 as o rgan iza t i ons  f o r m e r l y  o r  c u r r e n t l y  i n v o l v e d  i n  f a c i  1 i t y  

decontamination. The two-day meeting prov ided a forum f o r  exchanging ideas and 

experiences concerning concre te  decontamination. The p resen ta t  ions  and ensuing 

d iscussions emphasized techniques and equipment, performance r a t e s ,  contamina- 

t i o n  c o n t r o l  procedures, and p r o j e c t  costs.  

The workshop was sponsored by  t h e  U.S. Department of Energy (DOE), Rich- 

land Operation's O f f i c e  - Surplus F a c i l i t i e s  Management Program O f f i c e  

(RL-SFMPO) . The P a c i f i c  Northwest Labora tory  (PNL) organized t h e  meet ing as 

p a r t  o f  t h e  DOE-sponsored p r o j e c t ,  D&D o f  Hanford F a c i l i t i e s  Technology, man- 

aged by  Bud Arrowsmith and Richard A l l e n  o f  PNL. 

Th i s  Proceedings inc ludes  14 papers submit ted by  workshop attendees. The 

papers descr ibe  concrete sur face removal methods and equipment, as w e l l  as 

experiences i n  decontaminat ing and removing both  power and exper imenta l  nuc lear  

reac to rs .  

We wish t o  extend our app rec ia t i on  f o r  t h e  guidance and support  prov ided 

b y  J e r r y  Landon, DOE-RL-SFMPO. We are  g r a t e f u l  f o r  t h e  ab le  ass is tance o f  

Andrea C u r r i e  i n  developing the  paper p repa ra t i on  gu ide l i nes  and c o o r d i n a t i n g  

the  Proceedings product ion.  We a l so  wi;h t o  thank Sue Por te r ,  workshop secre- 

t a ry ,  and Roy Lundgren f o r  he lp  i n  making meeting arrangements and c o o r d i n a t i n g  

a c t i v i t i e s  i n  Sea t t l e .  

J.  M. H a l t e r  

R. G. S u l l i v a n  

Workshop Chairmen 
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CONCRETE DECONTAMINATION AND DEMOLITION METHODS 

Thomas S. LaGuardia, P.E. 

Nuclear Energy Services, Inc. 
Danbury, Connecticut 06810 

The U.S. Department of Energy (DOE), Division of 
Environmental Control Technology, requested Nuclear 
Energy Services to prepare a handbook for the decon- 
tami nation and decommissioning (D&D) of DOE-owned and 
comercially-owned radioactive facilities. The ob- 
jective of the handbook is to provide the nuclear in- 
dustry with guidance on the state-of -the-art methods 
and equipment available for decommissioning and to 
provide the means to estimate decommissioning costs 
and environmental impact. 

This paper will summarize the methods available 
for concrete decontamination and demolition to provide 
an overview of some of the state-of-the-art techniques 
to be discussed at this workshop. The pertinent in- 
formation on each method will include the selection 
factors such as the rate of performance in terms of 
concrete removal per unit time (cubic yards per day), 
manpower required by craft, unit cost (dollars per 
cubic yard) and the advantages and disadvantages. 

The methods included in this overview are those 
that have been routinely used in nuclear and.non- 
nuclear applications or demonstrated in field tests. 
These methods include controlled blasting, wrecking 
ball or slab, backhoe mounted ram, flame torch, ther- 
mic lance, rock splitter, demolition compound, sawing, 
core stitch drilling, explosive cutting, paving 
breaker and power chisel, drill and spall, scarifying, 
water cannon and grinding. 



1. INTRODUCTION 

Concrete is universally used in all nuclear facilities such that nearly 

every decommissioning program must address itself to either the demol i tion or 

surface decontamination of concrete structures. Certain structures become rad- 

ioactive during the operating period of a nuclear facility either through direct 

activation or surface contamination. Activated concrete represents the most 

difficult concrete removal activity due to the relatively high radiation dose 

and potential for release of radioactive particulates during demolition. Rad- 
ioactive fluid leaks may contaminate floor or wall surfaces of a facility which, 

because of the porosity of concrete, prove to be resistant to nondestructive 

cleaning methods. Although non-radioactive concrete structures do not repre- 

sent any unique demolition difficulty, the volume of such concrete coupled with 

significant reinforcement represents a formidable dismantling task. 

Concretes typically encountered include biological shields which may be 2 

to 10 ft thick standard (140-150 lb/ft3) or high density concrete (magnetite or 
3 metal aggregate, 250-325 1 b/ft ) . Reactor basemats or faci 1 i ty footings can be 

as much as 25 ft thick. 

Contamination on floors and walls can be removed without demo1 ishing the 

structures. This may be advantageous if the facility is to be converted to 
othw uses. 

This paper provides an overview of concrete demolition and scarifying pro- 
cesses for various concrete types and thicknesses. The following sections 
present a tabulation of available processes and detailed information important 
to the selection of a method. 

2. PROCESS SELECTION 

The selection of a specific process should be based on the experience 

learned from the conventional demol i tion industry, and appl icable experience 



from actual decomnissioning programs. Table 1 presents a tabulation of 

processes that may be used for all concrete types and thicknesses. The detailed 

information on each process provided in the following sections will aid in 

selection of the optimum process. 

3. DETAILED DESCRIPTION OF PROCESSES 

3.1 CONTROLLED BLASTING 

3.1.1 Description of Process 

Controlled blasting is ideally suited for demolition of massive or heav- 

ily-reinforced, thick concrete sections. The process consists of drilling 

holes in the concrete, loading them with explosives and detonating using a 
delayed firing technique. The delayed firing increases fragmentation, and 

controls the direction of material movement. Each borehole fractures radially 

during the detonation. The radial fractures in adjacent boreholes form a 

fracture plane. The detonation wave separates the fractured surfaces and moves 

the material towards the structure's free face. Figure 1 illustrates a typical 

"blasting roundu for massive concrete demolition, and explains the terminology 
used in designing a blast; for example, the burden is the distance from the free 
face. 

Blasthole design is based on a range of geometric relationships from which 
the blast design can be developed using an incremental powder loading per bore- 
hole. Pages 19-28 of Reference 1 provide guidance on standard blasting ratios. 
Under no circumstances should the user embark on a blasting demolition program 
without the services of a certified blasting technician. 

Drilling methods for blast hole preparation include percussion air-oper- 
ated drills, electric, pneumatic or diesel driven rotary drills or diamond-core 

abrasive drills. Percussion drills are the most versatile and can economically 
drill 1% in. to 2 in. diameter holes over a wide range of hardness or abrasive- 

ness. Typical percussion drilling equipment is capable of drilling a 6 foot 

deep hole in 3% minutes. Rotary drills are much larger indiameter (6 in. to 9 



Process 

TABLE 1. Concrete Removal Methods: Summary of Applications 
and Relative Costs 

Controlled Blasting 
Wrecking Ball 
Air and Hydrau 1 i c Rams 
F1 ame Cutting 
Thermic Lance 
Rock Splitter 
Bristar Demolition 
Compound Wall & Floor 
Sawing 
Core Stitch Drilling 
Explosive Cutting 
Paving Breaker 
Chipping Hamner 

& Chisel 
Drill & Spa11 
Scar if i er 
Water Cannon 
Grinding 

Concrete 
Thickness 
Application 

< 1 ft 
3 3 in. 
< 2 in. 

1 in. 
< 2 in. 
Z 0.25 in. 

Feasibility 

Excel 1 ent 
Excel 1 ent 
Good 
Fair 
Poor 
Good 
Fair 

Good 
Poor 
Good 
Poor 
Poor 

Excel 1 ent 
Excel 1 ent 
Fair 
Poor 

Relative 
Equipment 

Cost 

High 
Low 
Low 
Low 
Low 
Low 
Low 

Low 
High 
High 
Low 
Low 

Low 
Low 
High 
Low 

(I) Bench height 
@) Free face ,. 
(3) Burden ' 

(4) Spacing 
(5) Powder column 
(6) Stemming 
(7) Subdrilling 
(8) Working floor of cut 
(9) Cdlar 

u4 
FIGURE 1. Blasting Round 



in. ) and are best suited for light concrete without reinforcing rods. Diamond- 
core abrasive bits are more expensive than percussion drills but bit life is 
longer. When cutting through reinforcing rod, abrasive drilling is slower and 
diamond loss is common. 

Various types of explosives are available for use in demolition applica- 
tions. The selection of the best type of explosive requires an evaluation of 

the properties of the explosive and of the concrete itself. A blasting expert 
is qualified to select the best explosive for the purpose. The major types of 
explosives include PETN 85% high velocity gelatin dynamite, cast TNT, 1 iquid 

explosives, water gel explosives and high strength ammonia dynamite (Ref. 1, 2). 
When blasting massive concrete sections with multiple charges, delayed 

detonation is used to direct the muckpi le (rubble) and improve fragmentation. 
The first row of charges directs the burden perpendicular to the borehole 

plane. Subsequent burden plane charges would direct movement towards the verti - 
cal unless delayed sufficiently to allow forward movement of preceding burdens. 

A delay period of approximately one millisecond-per-foot of burden provides 

sufficient time for free face movement, and allows subsequent burdens to frag- 
ment perpendicular to the boreholes. 

3.1.2 Applications 

Control led blasting is the concrete demol it ion method recommended for a1 1 
concrete greater than 2 feet in thickness provided noise and shock in adjacent 
occupied areas are not limiting. The process is well suited to heavily-rein- 

forced concrete demol i tion because with proper selection of the blast param- 
eters a high degree of fragmentation may be achieved. The exposed reinforcing 
bar may then be cut with an oxyacetylene torch or bolt cutter. 

The Elk River Reactor dismantling program used controlled blasting to 
demolish the 8 foot thick steel-reinforced radioactive biological shield. A 
blasting mat (composed of automobi le tire sidewall s tied together) was placed 
over the blast area. Continuous fog sprays of water were used before, during 

and after the blast to hold down dust. Alternatively, a spray mixture of water 
and 5%-by-weight sodium si 1 icate (water glass) may be used for dust control. 



3.1.3 Performance and Cost Factors 

Typical concrete removal rates and approximate costs in 1979 dollars are 

shown in Table 2. The removal rates include ,drilling, loading, shooting, rebar I 

cutting and loading the muckpile into hauling equipment. The unit cost includes 

crew cost, materials (explosives and dust control measures) and subcontractor 
overhead and profit. Shipping and disposal are not included. A typical blast- 

ing crew consists of the blasting expert, six laborers, one iron worker and one 

equipment operator. 

TABLE 2. Concrete Removal Rates and Costs Using Control led Blasting 

Concrete Type 

1. Massive Reinforced Standard 
Concrete ( Non-Radi oact ive) 

2. Massive Non-reinforced 
Standard Concrete 
(Non-radioactive) 

3. Massive Reinforced 
Standard Concrete 
(Radioactive) 

4. Lightly Reinforced Standard 
Concrete (Non-radi oact ive) 

5. Non-reinforced High Density 
Concrete (Radioactive) 

6. Lightly Reinforced Standard 
Concrete (Radioactive) 

References 

Removal 
Rate yd /day - 

Removal 
Cost, $/yd3 

* Actual removal rates including inefficiency due to personnel and area con- 
tamination control and radiation work area control. 

8 .  ** Higher removal rate possible if adequate space is available to use large 
capacity loading and hauling equipment. 



3.2 WRECKING BALL OR WRECKING SLAB 

3.2.1 Descri~tion of Process 

The wrecking ball is typically used for demolition of non-reinforced or 

lightly reinforced concrete structubes less than 3 feet in thickness. The 

equipment consists of a 2-to-5 ton ball or flat slab suspended from a crane 

boom. The ball may be used in either of two techniques to demolish structures. 

The preferred method is to drop the ball from a height of 10-to-20 feet above 

the structure. The maximum height of structure is limited to about 100 feet. A 

5-ton ball would require a 200 ton crane for the maximum height (Ref. 6). This 
method develops good fragmentation of the structure with maximum control of the 

ball after impact. The second method is to swing the ball into the structure 

using a suck line for recovery after impact. The structure height is limited to 

about 50 feet because of the crane instability during the swing and after 

impact. The latter method is not recommended because the target area is more 
difficult to hit and the ball may ricochet off the target and damage adjacent 

structures while putting side loads on the crane boom. The flat slab may only 

be used in the vertical drop mode, but offers the advantage of being able to 

shear through steel reinforcing rods as well as concrete. 

3.2.2 Applications 

The wrecking ball or slab is recomended for non-radioactive concrete 

structures less than 3 feet in thickness. It would be virtually impossible to 
control the release of radioactive dust during demolition due to the access 

needed for the crane to drop or swing the ball. For non-radioactive structures, 
the wrecking ball is an effective method and provides good fragmentation to 
expose reinforcing rods. 

A wrecking ball was used in dismantling the Elk River Reactor containment 

building cylinder and dome after the outer insulation and steel shell were 
removed, and after all radioactive material had been removed from within the 
structure. 



3.2.2 Performance and Cost Factors 

Typical concrete removal rates with a wrecking ball are shown in Table 3, 

exclusive of loading or disposal. The unit cost includes crew cost, equipment P 

rental and subcontractor overhead and profit. The range in costs reflect the 

accessibility to move large equipment to the muckpile for loading and hauling. 

Shipping and disposal are not included in these costs. A typical wrecking ball 

crew consists of the crane operator, one crane oiler, two laborers and a fore-' 

TABLE 3. Concrete Removal Rates and Costs Using a Wrecking Ball 

Concrete Type 

Lightly Reinforced Standard 
Concrete 

Non-reinforced Standard 
Concrete 

Remov3l Rate Removal 
yd /day cost, $/~d 

Concrete Block Structures 60 10 

Heavily Reinforced 
Standard Concrete 

Not Recomnended 100 

References 6 4 ,7  

3.3 BACKHOE MOUNTED RAMS 

3.3.1 Descriotion of Process 

Backhoe mounted rams are used for concrete structures less than 2 feet thick 

with light reinforcement. The method is ideally suited for low noise, low 

vibration demolition and for interior demolition in confined areas. The equip- 

ment consists of an air- or hydraulic-operated impact ram with a moil or chisel I :  

point mounted on a backhoe arm. The ram starts impacting as soon as there is 

resistance to the point and stops when breakthrough occurs or when the ram head e 

is lifted. With the ram head mounted on a backhoe, the operator has approxi- 

mately a 20 to 25 foot reach, and the ability to position the ram in limited 
access structures. 



3.3.2 Applications 

The ram is recomnended for applications with limited access for heavy 
equipment such as a wrecking ball, and where blasting is not permitted. The air 

rams need to be modified to direct air exhaust away from the work area to 

prevent the spread of dust (nuisance and radioactive dust). The hydraulic ram 

recycles the hydraulic fluid, so no modification is necessary. Dust and 

contamination control is maintained with water fog sprays before and during 
breaking activities. 

The air ram was successfully used for light concrete demolition at the 

Sodium Reactor Experiment (SRE) in Santa Suzanna, Cal iforni a (Ref. 8). However, 

at Elk River a hydraulic ram proved to be too slow in demonstration tests for 
use on the massive, heavily reinforced biological shield. The ram was replaced 

with the more favorable controlled explosive demolition. 

3.3.3 Performance and Cost Factors 

3 The backhoe-mounted ram can remove approximately 20 yd /day of non-rein- 

forced concrete. The approximate unit cost in 1979 dollars for ram breaking of 
3 concrete is $40/yd (Ref. 8). The unit cost includes crew cost, equipment 

rental and subcontractor overhead and profit. Shipping and disposal are not 

included in the costs. A typical crew consists of the ramhoe operator, one 
1 aborer and a foreman. 

3.4 FLAME CUTTING 

3.4.1 Description of Process 

Flame cutting of concrete consists of a thermite reaction process whereby a 

powdered mixture of iron and aluminum oxidizes in a pure oxygen jet. The 
temperatures in the jet are approximately 16,000°~, which causes rapid decom- 

position of the concrete in contact with the jet. The mass flow rate through 

the flame cutting nozzle clears away the decomposed concrete, leaving a clean 
kerf. Reinforcing rods in the concrete add iron to the reaction to sustain the 

flame and assist the reaction. 



The nozzle i s  mounted on a metal frame which s t raddles  the area to  be cut .  

The nozzle, w i t h  associated hoses, i s  tracked on the metal frame a t  a steady 1 

ra te .  The r a t e  is dependent upon the concrete depth. A s t a r t i n g  hole i s  cut 

through the concrete t o  prevent blowback of material and consequent torch dam- 
? 

age. Once s t a r t ed ,  the torch i s  advanced along the workface by a variable speed 

e l e c t r i c  motor controlled by the operator. 

Heat and smoke may be removed w i t h  a 5 t o  7 horsepower squirrel-cage 

blower, and directed through a f l ex ib le  duct which houses a water fogger t o  hold 

down smoke par t icu la te .  The high gas temperatures preclude the use of HEPA 

f i  1 t e r s  f o r  contamination control,  making the flame cut t ing technique unsuit- 
able for  use on radioactive concrete without pre-cooling the e f f luent  gas. 

3.4.2 Applications 

Flame cut t ing of concrete i s  used when vibration to  the surrounding area i s  

intolerable ,  and when the thickness of the concrete t o  be cut exceeds the  

capab i l i t i e s  of mechanical cu t te rs  such as diamond saws. Flame cu t t e r s  are 

capable of cut t ing through a maximum depth of 60 inches with or without re in-  

forcing rod (Ref. 9 ) .  

3.4.3 Performance and Cost Factors 

2 The flame cut t ing speed i s  approximately 1 hour/ft of cu t  area. The torch 
3 consumes approximately 800 f t  of oxygen, 14 Ibs of iron powder and 6 Ibs of 

aluminum powder per square foot  of cu t  area. The approximate uni t  cost i n  1979 
dol la rs  fo r  flame cut t ing i s  $175 per square foot  of cut area. The uni t  cos t  

includes crew cost ,  equipment and subcontractor overhead and p ro f i t .  Shipping 

and disposal are not included. A typical flame cut t ing crew consis ts  of the  

torch operator and one laborer f u l l  time during cut t ing.  



3.5 THERMIC LANCE 

3.5.1 Description of Process 

The thermic lance consists of an iron pipe packed with a combination of 

steel, aluminum, and magnesium wires through which a flow of oxygen gas is main- 
tained. The thermic lance cuts utilizing a thermite reaction at the tip of the 

iron pipe, in which the constituents are completely consumed. Temperatures at 

the tip range from 4000 to 10,000~~, depending upon ambient conditions. The 
lance is ignited using an oxyacetylene torch, thermal igniter or electric arc. 

Typical lances are 10-1/2 ft in length and 1/4 in. to 3/8 in. in diameter. Two 
lances may be connected in tandem to increase burn time and to permit complete 
consumption of each lance. 

A thermic lance set-up will consist of the lance, an oxygen supply (gener- 

al ly two or more cyl inders connected in tandem), associated regulator equipment 

to maintain oxygen pressure at 70-125 psi, 3/8 inch diameter hose, and protec- 

tive clothing and faceshield for the operator. 

A thermic lance generates a large quantity of smoke and hot gases, the 

actual amount depending upon the material being cut. For this reason, a control 

envelope is necessary for radioactive concrete cutting to contain the vaporized 

material in order to prevent the contamination of the surrounding area. 

3.5.2 Applications 

The thermic lance wi 11 cut any material that is likely to be encountered in 
a nuclear facility. The reinforcing rods in the concrete speed the burning by 
adding more metal to the thermite process. Material further than 1 inch from 
the hole is not affected. The thermic lance can be used to cut holes, slits or 
openings in a wide variety of materials. 

3.5.3 Performance and Cost Factors 

The 10% foot thermic lance will burn for at least 6 minutes, and can burn a 2 

inch diameter hole through reinforced concrete to a depth of 1% to 3% feet. The 



lance holder costs approximately $50.00, and the 10% foot lance is $7.00 each. 

Oxygen supply cost about $6.00 per 100 ft5 at STP. 

3.6 ROCK SPLITTER 

3.6.1 Description of Process 

The rock splitter is a method for fracturing concrete by hydraulically ex- 

panding a wedge into a pre-drilled hole until tensile stresses are large enough 

to cause fracture. The tool consists of a hydraulic cylinder which drives a 

wedge-shaped plug between two expandable guides (cal led feathers) inserted in 

the pre-drilled hole. Figure 2 shows a schematic of the splitter operating 

principle. 

The unit is powered by a hydraulic supply system, and operates at 7100 psi 

pressure. When the plug is extended and fracture occurs, an automatic pressure 

relief valve lowers the pressure to 900 psi. With the unit in neutral position 

the pressure drops to 50 psi. 

Units are available to develop splitting forces approaching 350 tons. The 
maximum lateral expansion of the feathers is approximately 0.75 inches. Con- 

crete may be separated at the fracture line using a backhoe mounted air ram or 

similar equipment. The reinforcing rod in reinforced concrete must be cut 
before separation is possible. For heavily reinforced concrete, additional 
holes and fractures will be necessary to expose the reinforcing rod. 

3.6.2 Applications 

The splitter is ideally suited for fracturing concrete in limited access 

areas where large air rams cannot operate. The process is silent (except for 

hole drilling) and is used extensively for demolition near hospitals and other 

densely populated areas. Hole sizes range from 1-3/16 to 1-314 inch, and depth 

of 12 to 26 inches, depending on the size of the unit selected. For massive 
concrete sections, holes are drilled from 1 to 3 feet apart to establish a 
fracture line. 



Reinforced concrete sections up to 8 feet thick may be cut with a single 

large unit. Reinforced concrete sections of 10 foot thickness will require two' 

or more large units operated simultaneously. 

3.6.3 Performance and Cost Factors 

3 For reinforced non-radioactive concrete, removal rates of 250 yd /day have 

been demonstrated. Drilling and splitting time requires approximately 5 to 10 

minutes per hole. The approximate cost of the rock splitter and power unit 

range from $6500 to $8000 from the smallest to largest cylinder available. Cost 
per unit of output are dependent on the geometry and working conditions of the 

application. 

PCUGAP~OFEATHERS C0h"dANDINCi V A L V E  

FIGURE 2. Schematic of Rock Splitter 

3.7 BRISTAR* DEMOLITION COMPOUND 

3.7.1 Description of Process 

Bristar concrete demolition compound is a chemically expanding compound 
which is poured into pre-drilled holes and causes tensile fractures in the con- 
crete upon hardening. Bristar is a proprietary compound of limestone, siliceous 

material, gypsum and slag. The powdered compound is mixed with water and kneaded 

to a fluid paste. The paste is filled into holes drilled in a fracture line of 

predetermined burden, spacing and depth. Within 10-20 hours, Bristar pressure 

wi 1 1  develop to over 4300 psi. Concrete tensi le strength ranges from 200 psi to 

approximately 425 psi, such that low grade concretes are likely to fracture 

* Registered trade name of Onoda Cement Co., Ltd., Tokyo, Japan (Ref. 10). 



easily. Cracks will form and propagate along the fracture line. The crack 
width will range between 1/4 inch after 10 hours to almost 2 inches after 15  

hours. The fractured burden may then be removed with a paving breaker, backhoe 

or bucket loader. If reinforcing rod is encountered, it must be cut separately. 

The compound is not classified as a hazardous substance and can be readily 

stored and handled. There is no noise or vibration (except for drilling holes), 

or flyrock, dust or gas release. Contamination control is only required during 

drilling and removal. 

3.7.2 Applications 

Bristar is suited for use on massive non-reinforced concrete structures 

where noise, vibration, flyrock, dust or gas must be avoided. It is not recom- 

mended for slabs of concrete less than 12 inches in thickness. The compound can 

be used with reinforced concrete provided the holes are located along the plane 
of reinforcing rod so the fractured surface will expose the rods. 

3.7.3 Performance and Cost Factors 

The rate of removal of massive non-reinforced concrete is dependent on the 

crack formation time (10-20 hours) and the quantity of concrete to be removed. 

For small jobs the removal rate will be slow because of the time to fracture. 
For large jobs, drilling may be continuous with mucking out following hole 

loading by about 20 hours. In this manner the removal rate may approach that of 
controlled blasting for the same material. 

The quantity of Bristar required for a 2 inch diameter hole per foot of 

hole depth is 2% Ib/ft. The approximate cost for Bristar is about $80.00 for a 
44 pound container. 

3.8 WALL AND FLOOR SAWING 

3.8.1 Description of Process 

Wall and floor sawing is generally used when disturbance of the surrounding 



material must be kept to a minimum. A diamond or carbide wheel is used to 

abrasively cut a kerf through the concrete. The blades can cut through rein 

forcing rods although the rods tend to break off the blade diamonds. The blade 
is rotated by an air or hydraulic motor. For most applications the saw will be 
mounted on a guide which also supports the saw's weight. The operator manually 

advances the blade into the work. The dust produced by the abrasive cutting is 

controlled using a water spray. The abrasive blade produces no vibration, 
shock, smoke, sparks, or slag and is relatively quiet. 

3.8.2 Applications 

Thicknesses up to 3 feet have been cut with concrete saws. The maximum 

thickness of cut is approximately equal to one-third of the blade diameter. 

3.8.3 Performance and Cost Factors 

2 The saw cuts approximately 150 in per minute of cut surface, regardless of 

thickness. Cutting can be done either manually or remotely. 
2 The approximate cost of floor sawing concrete is $8.00/ft of cutting 

surface for non-radioactive, non-reinforced concrete. Reinforced concrete cut- 

ting costs are higher because of the additional replacement diamond saw blades 
necessary, and the increased time to cut through heavy rebar. The approximate 

2 cost of wall sawing is $22.00/ft of cutting surface for reinforced concrete up 

to a 7/8 inch-diameter reinforcing rod. The saw is operated by one operator 
with no helper. 

3.9 CORE STITCH DRILLING 

3.9.1 Description of Process 

Core stitch drilling consists of close-pitched drilling of holes in con- 
crete using a diamond or carbide-tipped drill bit in an electric or fluid-driven 

rotary drill. The center lines of the holes are located to correspond to the 

desired breaking plane in the concrete. The hole pitch is such that there is 



very 1 i tt le concrete left between adjoining holes (less than % the radius of the 
t 

holes). When a line of holes has been drilled along the breaking plane, the 

remaining concrete between the holes may be sheared by a hydraulic wedge, or by 
t 

dropping a wrecking ball onto the piece to be removed. 

3.9.2 Applications 

Core stitch drilling produces no gases or smoke, thereby facilitating con- 

tamination control. The dust produced by the drilling is controlled by a water 

spray, which is also used to cool the drill bit. Core stitch drilling is used 

where surrounding material must not be disturbed, or where accessibility is 
limited. However, the slab to be removed must be accessible to the method of 

shearing the concrete (bar, slab or wrecking ball). The method is not recom- 

mended for reinforced concrete because the remaining reinforcing rod inhibits 
shearing. 

3.9.3 Performance and Cost Factors 

Concrete drills can cut a 4 inch diameter hole through 4 feet of concrete 

in 60 minutes. The pitch between holes is recommended to be no greater than % 
inch for 4 inch diameter drills. Accordingly, this process is very slow and 

costly for large volumes of massive concrete removal. 
The core drilling costs range from $17.00/ft for 1% inch diameter holes, to 

$550.00/ft for 24 inch diameter holes. Drilling depths greater than 3 ft can 
increase these costs by a factor of 3 (Ref. 11). These costs include labor, 
drill bits, and drill motor costs. 

3.10 EXPLOSIVE CUTTING 

3.10.1 Description of Process 

9- 

An explosive cutter consists of an explosive core such as RDX or PETN, 

surrounded by a casing of lead, aluminum, copper or silver. Cutting is accomp- 

lished by a high explosive jet of detonation products of combustion and deformed 



casing metal. The jet forms a directed shock wave which severs the target 
material. The cutter is approximately 1 inch wide and chevron-shaped with the 
apex pointing away from the material to be cut. When detonated, the explosive 
core generates a shock wave which fractures the casing inside the chevron and 

propels the casing into the material to be cut. 

The target material is cut, not fractured or snapped. In concrete, there 
would be some local fracturing and pulverizing of the surrounding area. In 
reinforced concrete, some of the deeper reinforcing rods will not be cut. In 

this case, either a reinforcing rod cutter or oxyacetylene torch can be used. 

Other explosive types are available such as HNS, DIPAM, HMX, CH-6, HNAB, 
DATB, TATB, KHND and NONA, to accomnodate higher temperature (up to 600'~) 
applications. Lead casings are most frequently used for the smaller sizes and 

core loadings, and aluminum, copper or silver used for larger sizes. 

3.10.2 Applications 

Explosive cutting is normally used either when the geometry of the object 

being cut is too complex to employ other methods, or when several cuts must be 
made simultaneously (e.g. removal of a large prestressed beam where it is 

impractical to shore up the ends for temporary support). 

Explosive cutters are used for precision cutting rather than massive heav- 

ing or demolishing. Cutters have been used on concrete for removing buildings, 
salvaging bridges, and felling smokestacks. 

3.10.3 Performance and Cost Factors 

Typical prices of lead sheathed RDX explosive cutters range from $14.00/ft for 

300 grains/ft to $64.00/ft for 2200 grains/ft (Ref. 12). These prices may be 
used as input for cost estimating purposes, but actual demolition should be 
estimated and directed by a demolition expert. 



3.11 PAVING BREAKERS AND CHIPPING HAMMERS 

3.11.1 Description of Process 

Paving breakers and chipping hamners remove concrete (and asphalt)  by me- 
chanically f rac tur ing  localized sections of the surface. Fracturing i s  caused 

by the impact of a hardened tool s tee l  b i t  of e i ther  a chisel  or moil point 

shape. The b i t  i s  driven i n  a reciprocating motion by e i the r  a compressed a i r  
or hydraulic f l u i d  pressure source. 

Paving breakers (a l so  called "jackharmer" and "pneumatic dr i  11") weigh ap- 

proximately 35 t o  100 pounds and are intended fo r  use on f loo r s .  The chipping 

harmer i s  s imilar  in concept to  the paving breaker b u t  i s  l i g h t  enough (15-35 

Ibs.)  t o  be hand-held f o r  use on walls or cei l ings.  

Paving breakers are recomnended fo r  use on f loors  to  remove small areas 

tha t  are inaccessible f o r  heavy equipment. They may also be used t o  expose 
reinforcing rods a f t e r  controlled blasting t o  permit cut t ing of the rods. The 

chisel point may be used to  scar ify surface areas of concrete f loors  where 
contamination may have penetrated several inches deep in localized areas. Con- 
tamination control may be accomplished using water or fog sprays. Chipping 
harmers are recomnended f o r  use on walls t o  scar i fy  small areas where contamin- 

a t i  on may have penetrated several inches deep over local ized areas.  However, 
the limited removal capacity and s ignif icant  weight ( u p  t o  35 pounds) make i t  
impractical f o r  use on large areas. Other techniques are be t t e r  suited fo r  t h i s  

purpose. 

3 .11.3 Performance and Cost Factors 

Concrete removal using paving breakers or chipping hammers i s  labor-inten- 

sive.  The cost f o r  removal of non-reinforced concrete by paving breakers i s  
$ 3 2 . 0 0 / ~ d ~ .  The crew consists of one l igh t  equipment operator and two laborers. 

3 The crew has an output of 20 yd /day. 



For reinforced concrete, the crew consists of one light equipment oper- 
3 ator, two laborers and one ironworker. The crew output is 12 yd /day at a cost 

of $62. O O / ~ ~ ~ .  
Chipping hamner costs are essentially those of the harmer operator's hour- 

ly rate since the consumption of materials and power requirements is insigni- 
ficant. 

3.12 DRILL AND SPALL 

3.12.1 Description of Process 

The drill and spall technique was developed for the removal of contaminated 
surfaces of concrete without demolishing the entire structure. The technique 

consists of drilling 1 to 1% inch diameter holes approximately 3 inches deep 

into which is inserted a hydraulically operated spalling tool. The spalling 
tool is similar in to the rack splitter, but uses shorter feathers. The holes 
are drilled on approximately 12 inch centers such that the spalled area from 

each hole overlaps the next. 

3.12.2 Applications 

The drill and spall technique is recomnended for removing surface contam- 

ination that penetrates one to two inches into the surface. Removal of the 

surface radioactivity in this manner eliminates the need to dispose of large 
quantities of non-radioactive concrete as with other volume removal techniques. 
Contamination control while drilling is accomplished with a filtered vacuum 

system. Fog sprays may be used to wet the surface and reduce contamination and 
dust levels. 

3.12.3 Performance and Cost Factors 

2 The average removal rate is approximately 7.5 yd /hr for standard con- 
crete. No detailed cost information is available yet on removal costs since the 

tool is still in the developmental stage. The equipment cost, exclusive of the 



positioning equipment, is estimated to be about $10,000. A typical drill and 

spa11 crew would probably consist of one operator, one platform positioner 

operator, two laborers and a front-end loader operator. 

3.13 SCARIFIER 

3.13.1 Description of Process 

The scarifier technique is best suited for the removal of thin layers (up 

to one inch in thickness) of contaminated concrete. The tool, marketed under 

the trade name of "Scabbier" by the MacDonald Air Tool Company, New Jersey, 

U. S.A., consists of pneumatically operated piston heads which strike the sur- 
face to chip off the concrete. The piston heads are available in either 5-point 

or 9-point tungsten carbide bit sizes depending on the degree of surface rough- 

ness allowable. The 5-point bit has 1/4 inch high points and the 9-point bit 
has 1/8 inch high points. 

The pistons are mounted in a wheeled-floor chasis which is available in 5, 

7 and 9 piston sizes. The chasis is pushed along the floor to remove the surface 

layer. The chasis can be modified to include a HEPA filtered vacuum exhaust 

system to capture contaminated dust. Other tool models include a 3-piston wall 

scabbler which may be spring counter-balanced to relieve the tool weight. Smal- 
ler hand-held units are available but are not intended for large surface area 
removal. 

The scabbler tool is recomnended for applications where the concrete sur- 

face is to be reused after decontamination. The scarified surface is generally 

level with coarse finish (k to 4 inch peak-to-valley height) resulting from the 
9-point bit. The coarse surface is suitable for bonding to a concrete finish 

cap, and the smoother surface suitable for epoxy, polymer and similar finishes. 

A 7-piston floor model scabbler was used at the SRE decommissioning program 
to scarify slightly contaminated floors. An HEPA filtered vacuum exhaust system 

was fitted to the floor scabbler to control the release of contaminated dust. 



3.13.3 Performance and Cost Factors . 
The concrete surface removal rate is 5 square yards per hour per bit (Ref. 

13) for the floor scabbler, which represents 35 square yards per hour for a 7- 

piston unit. The three-piston wall scabbler will remove 8-12 square yards of 
surface per hour. 

The approximate unit cost in 1979 dollars for floor and wall scarifying is 
2 2 $1.40/yd for the 7-piston floor model, and $6.25/ft for the 3-piston wall 

model. The unit cost includes operator cost, air consumption cost, dust and 

chip removal, subcontractor overhead, and profit. A typical crew consists of 
the tool operator and one laborer for chip removal. 

3.14 WATER CANNON 

3.14.1 Description of Process 

Two types of high-pressure jet spalling devices have been developed under 

the comnon name of water cannon (Ref. 14): Type (I), the Glycerine Gun, fires 
solidified glycerine capsules in a modified 458 magnum rifle through a nozzle. 

Type (2), the Water Cannon, uses compressed gas to drive a piston which forces 
water through a small diameter nozzle. 

(1) Glycerine Gun: The glycerine gun uses a 458 magnum rifle with a short 

smooth bore barrel. A nozzle is threaded onto the end of the barrel to reduce 

the diameter from 0.45 inches to 0.17 inches. A 9-inch diameter funnel-shaped 
shield is placed around the nozzle to protect the operator and collect chips and 
dust through a vacuum exhaust system. Rubble pieces are 0.5 inches to 0.75 

inches in diameter, and are covered with glycerine which contains the dust. The 
shield extends one inch beyond the nozzle to provide the necessary standoff from 
the workspace. Figure 3 shows the glycerine gun. 

The glycerine gun fires solidified glycerine capsules 2 inches long by a 

0.45 inch diameter. The capsules are propelled by gun powder loaded into conven- 
tional cartridge cases. The glycerine is accelerated by the propellant, and is 

extruded through the nozzle at very high velocity. Wax is placed in the 

cartridge case to hold in the powder, and to create a moving seal around the 



glycerine to prevent combustion gases from bypassing the glycerine. 
(2) Water Cannon: The water cannon uses compressed gas to drive a piston 

and force a small quantity of water through a nozzle. Figure 4 shows a schema 

tic of the water cannon components. A funnel-shaped shield is placed over the 

nozzle to protect the operators and collect debris through a vacuum system. The 
gas which ljropels the piston is compressed by a hydraulic impactor. Firing 

rates of up to 5 shots per second are possible. Water is injected into the 

chamber in front of the piston after each shot. 

The unit is usually mounted on a back hoe or excavator and may be articu- 

lated to spa11 concrete walls, floors or ceilings. 
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The glycerine gun has been extensively tested, and has been shown to create 
spa11 craters 3 to 4 inches in diameter and 0.75 inches 'deep. The shots are 
fired about 3 inches apart in a triangular pattern. The glycerine gun is most 

effective when fired around and behind embedded aggregate. Shots at hard, round 

river gravel will result in small spalls. 

3.14.3 Performance and Cost Factors 

Tests in high-strength concrete required 24 shots to remove 1 ft2 of 
2 surface and took 5 to 6 minutes (approximately 10 ft /hr) . The glycerine gun 

can be positioned and held by hand, and can be fired as fast as the operator can 

reload and position the gun. 

The water cannon generally exhibits slower rates of removal than the glyce- 
2 2 rine gun. Typical rates of 1 ft in 15 minutes (4 ft /hr) have been demon- 

strated. The water jet serves to coat the rubble particles and thus helps to 
reduce the spread of contamination. 

No detailed cost information is available yet on removal costs since these 

tools are still in the developmental stages at Battelle Pacific Northwest Labor- 
atory. A typical crew would consist of the gun operator and one laborer. 

3.15 GRINDING 

3.15.1 Description of Process 

The grinding process includes a large number of similar tools for the 
removal of thin layers of surface contamination from concrete. In many cases 
the contamination is limited to the paint coating or concrete sealer finish. 

The technique consists of abrading the surface using coarse-grained abrasives 
in the form of water-cooled diamond grinding wheels or multiple tungsten- 

carbide surfacing discs. Machines to power these abrasives are of the circular 
floor grinding type where the grinding head rotates parallel to the floor. 

Water required for cooling is injected into the center of the grinding ' head 



eliminating any possibility of dust. Supplementary contamination control can e 

be accomplished through the use of HEPA filtered vacuum systems attached to or 
held near the machine. The surface may be moistened before and during grinding 

to hold down dust levels. 

3.15.2 Applications 

Grinding is recommended primarily for thin layers of contamination because 

of the rapid disintegration of the abrasives when in contact with concrete. 

Floor and hand-held grinding machines have been successfully used at the 
San Onofre Unit 1 Nuclear Plant to remove surface contamination. 

3.15.3 Performance and Cost Factors 

Typical diamond grinding removal rates with disc type rotary floor grind- 

ers are capable of removing several thousand square feet (per day) of surface 
approximately % inch deep, and lesser areas to as much as 1 inch deep. The 
machine may be operated by one operator. 

The approximate unit cost in 1979 dollars for concrete floor grinding is 

$36.00/~d~ (Ref. 11). The approximate unit cost includes operator cost, grind- 

ing wheels and discs, electricity, dust removal and packaging, and subcontract- 
or overhead and profit. 

A typical crew consists of the machine operator and one laborer for dust 
removal and packaging. 
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EQUIPMENT FOR REMOVAL OF CONTAMINATED CONCRETE SURFACES 

J. M. Halter and R .  G .  Sullivan 

Pacific Northwest Laboratory 
Bat te l le  Boulevard 

Richland, Washington 99352 
Operated by 

Battel l e  Memorial I n s t i t u t e  

The Pacific Northwest Laboratory i s  investigating and 
developing equipment tha t  will  rapidly and economically 
remove contaminated concrete surfaces while producing a 
minimal amount of contaminated rubble. Evaluation of 
various methods for removing concrete surfaces shows tha t  
many of the techniques presently used fo r  decontamination 
require excessive manpower, time, or energy, or they remove 
more material than i s  necessary t o  clean the surface. 
Excess material removal increases the quantity of waste 
tha t  must be handled under controlled conditions. Three 
unique decontamination methods are presented here : the 
water cannon, the concrete spa l le r ,  and the high-pressure 
water je t .  The water cannon f i r e s  a small, high-velocity 
j e t  of f lu id  to  spa11 the concrete surface. The concrete 
spal ler  chips away the concrete by exerting radial  pressure 
against the s ides  of a shallow cylindrical hole d r i l l ed  
into the concrete surface. The high-pressure water j e t  i s  
a 50,000-psi spray tha t  b las t s  away the concrete surface. 
Each method includes means for  containing airborne 
contamination. Results of t e s t s  show tha t  these techniques 
can rapidly and economically remove surfaces, leaving 
minimal rubble for  controlled disposal. Also presented are  
cost comparisons between the water cannon and the concrete 
spa1 1 er .  



INTRODUCTION 

Accidental sp i l l s ,  vapor releases, and fine particles of various sub- 
stances have contaminated concrete surfaces, necessitating development of 
methods to remove these surfaces. Ideally, these methods should: 

reduce the contaminated waste volume that has to be placed into con- 
trolled storage, 

provide a convenient method for cleaning surfaces (such as those con- 
taminated by a small s p i l l ) ,  and 

remove surfaces quickly. 

This discussion compares various techniques that have been used to clean 
concrete surfaces by removing the surface. Three techniques which have been 
investigated by the Pacific Northwest Laboratory ( P N L )  for removing surfaces 
are also described: the water cannon, the concrete spaller,  and the 
high-pressure water je t .  

The equipment was developed with the assumption that removal of the t o p  

1/8 t o  1/4 in. of surface would remove mdst of the contamination. If the con- 
tamination has gone into cracks or deep voids in the surface, the removal pro- 
cesses can be repeated until the surface i s  acceptable. 

Preliminary findings on equipment evaluations and development are 
( 1 9 2 )  described by Halter and Sullivan. 

COMPARISON OF VARIOUS TECHNIQIJES 

A comparison of these various surface removal techniques can be found in 
Table 1. Sand blasting i s  a technique that i s  used to  remove some surface 
contamination. I t  is  effective only if the contamination is  right on the sur- 
face, and i t  i s  a slow technique. The sand blasting medium becomes contami- 
nated and so adds to the material needing to be placed i n  controlled storage. 
A blasting technique using dry ice pellets  has been evaluated, b u t  th i s  i s  even 
slower than sand blasting. 



TABLE 1. Comparison o f  Various Concrete Surface Removal ~ e c h n i ~ u e s ( a )  

Estimated Re la t i ve  Speed 
a t  which a Un i t  o f  Surface 

Technique L i m i t a t i o n  Area Can Be Removed 

Sand B 1 as t  i ng G r i t  Adds t o  the Contamination Slow 

Dry I c e  B las t i ng  

Flame Spa1 1 i ng 

Explosives 

Very Slow Penetrat ion 

Heat May Cause Undesirable 
Chemical Reactions 

Slow 

Slow 

Generates Moderate Q u a n t i t i e s  o f  Fast 
Dust which Must be Cont ro l led  

Jack Hammer Awkward t o  Use on Walls Medium Fast  

Impactor Powered by A i r  or L imi ted t o  Large Accessible F a c i l i t i e s  Fast 
Hydrau 1 i c s 

N 
Scrubber or  Scabbler Awkward t o  Use on Walls Slow 

Water Cannon 
Hand-held Modi f ied Gun Powder Combus.tion Slow (5-6 m in / f t 2 )  
458 Magnum R i f l e  Products are Produced 

Rapid-Fire Model L imi ted t o  Large Accessible F a c i l i t i e s  Slow (3-4 m in / f t 2 )  

Concrete Spa l le r  w i t h  38- 
Pound A i r  D r i l l  t o  Make 
Holes 

Semi -Automated 
on P la t fo rm 

High-pressure Water Produces Contaminated Water 
(40,000 t o  60,000 ps i  ) 

Medium Fast (50-60 sec / f t2 )  

Medium Fast (35-40 sec/ f t2 )  

Fast (10-15 sec / f t2 )  

(a)  Source: Ha l te r  and Su l l i van  ( 2 )  



Flame spa l l i  ng has not been t r i ed  because handling the by-products of com- 
bustion, which may be contaminated, would be more d i f f i c u l t .  

Explosives have been used to  remove surfaces. Although the technique i s  

f a s t ,  the s t ructures  need t o  be sturdy, the surfaces must be large,  and experts 
are needed. 

Jackhammers are f a i r l y  e f fec t ive  b u t  are awkward to use on walls and c e i l -  

ings and in t i g h t ,  constrained areas. An impacter, a large jackhammer-like 
device which must be mounted on a backhoe, i s  limited to  large, accessible 

areas. Operators can eas i ly  remove complete walls b u t  f ind i t  d i f f i c u l t  t o  

remove only a 1/4- t o  1/2-in. surface layer. 

The scrubber, or scabbler, works well on f loors  b u t  i s  slow by comparison 
to  other techniques. In i ts present configuration the scrubber would be d i f -  
f i c u l t  t o  use on walls and cei l ings.  

Two types of water cannons have been evaluated. One i s  a 458 magnum g u n  
2 which is  f a i r l y  slow, requiring 5 to  6 m i n  t o  remove 1 f t  of concrete sur- 

face. The second technique i s  a rapid-f i re  model. I t  wil l  f i r e  4 t o  5 shots 

per second, b u t  i t  must be picked up and repositioned a f t e r  each shot. 
Besides the disadvantage of having t o  reposition every time, the spa1 1 made i s  

only 1 to 2 in. in diameter, which means the rapid-f i re  model i s  only s l igh t ly  

f a s t e r  than the manual water cannon. 

The concrete spa l le r  has proven to be a f a s t ,  e f fec t ive  technique. When 
2 the d r i l l  and spa l le r  are hand held, about 1 f t  of surface per minute can 

be removed. When the d r i l l  i s  mounted on a platform, the speed can be 
2 increased to  1-2/3 f t  per minute. 

A technique using very high pressure water was f a s t ,  removing 4 to  6 f t  2 

per minute, b u t  the water used must be t reated afterwards t o  remove the 

contamination. 



WATER CANNON 

. 
The water cannon, which is shown in schematic form in Figure 1, is  a mod- 

,ified 458 magnum r i f l e  with a nozzle on the end. Cartridge cases are primed 
and f i  1 led with gun powder, and a wax plug is  added to contain the powder. 

, Solidified glycerine sticks ( 2  in. long x 0.45 in. in diameter) are f i t t ed  

into the loaded cases. The altered cartridge is  then chambered and shot. The 
glycerine i s  formed by the nozzle into a high-velocity stream which then 
spalls the concrete surface on contact. Each cartridge casing can be reused 
approximately ten times. A shield to which a vacuum system can be attached 
was placed around the nozzle to collect the by-products of combustion and the 

2 rubble. One cubic foot of rubble is  generated for every 24 f t  of surface 
removed. 

The water cannon makes about a 2- to 3-in.-diameter spall, as shown in 
Figure 2. The spall i s  about 3/4 in. deep a t  the center. Figure 3 shows a 

2 1-ft sample wall which was spalled in about 6 m i n  w i t h  24 shots. Figure 4 

SHIELD WITH 
VACUUM PORT 

FIGURE 1. 458 Nagnum Water Cannon Schematic 



FIGURE 2. A Typ ica l  Water Cannon Spa1 1 

FIGURE 3. One Square Foot o f  Surface Removed by the  Water Cannon 



FIGURE 4. Water Cannon Being Operated Without a Vacuum 

i s  a picture of the gun being operated without the vacuum cleaner attached. 
The glycerine tends to capture or encapsulate a l l  the dust; therefore there is 
no airborne dust contamination. Because of the compactness of the unit and 
the vacuum system, the water cannon would be most useful on small areas of 
contamination in confined areas. 

2 The water cannon is  capable of removing, approximately 58 f t  of surface 
2 over an 8-hour sh i f t .  This is  based on 25 cannon shots to remove 1 f t  of 

concrete surface, four shots per minute, and a working team of two men 
actually using the water cannon for 6 hours of each 8-hour sh i f t .  One man 
loads the cases with the glycerine charges and passes the cartridges while the 
other man f i r e s  the cannon. 

The material costs shown in Table 2 are based on $0.58 per shot. This 

. includes gun powder, primers, glycerine, cases (reused 10 times), labor t o  
load the cases and mold the glycerine, and the cost of the water cannon and 
the vacuum system amortized over the i r  useful l ives.  With labor costs  of $560 

2 per day, the cost to  remove 1 f t  of surface i s  approximately $24.25. 



TABLE 2. Cost Comparison of Water Cannon and the Two Concrete 
Spaller Systems for  One 8-hour Shif t  

Labor Equipment 
Surf ace Cost Rental Remov a 1 
Removed ( 2  men @ Equipment Cost Cost 

Techn i que ( f t 2 )  $35/ hour) Cost Per Day ( $ / f t 2 )  

Water Cannon 58 - $560 $ 835 - - $24.25 

Concrete Spa1 1 e r  

Hand Held 300 $560 $ 450 $50 $ 3.55 

Platform 600 $560 $1030 $210 $ 3.00 

CONCRETE SPALLER 

The concrete spa l le r  i s  a device developed by PNL spec i f ica l ly  f o r  remov- 

i ng concrete surfaces. ( a )  The concrete spa l le r  consists of three basic 
parts:  a hydraulic cylinder, a push  rod, and a b i t  with expanding wedges. The 
schematic i s  shown in Figure 5. The b i t  i s  made of s teel  tubing, which is 

tapered a t  one end. The tapered end i s  machined into a c i rcular  wedge which 

i s  s p l i t  into four equally spaced segments paral lel  to i t s  central  axis. A 

push rod with a tapered end t o  match the tapered tubing i s  inserted in to  the 

b i t .  The spal le r  i s  inserted into a predril led hole, approximately 2 in. deep 

and 1 in. in diameter. The hydraulic cylinder i s  then activated, causing the 
wedges of the b i t  to  be embedded into the wall. As the t i p  of the push rod 

pushes against the bottom of the hole, i t  forces the wedges away from the bot- 

tom, causing an average 8-in.-diameter spa l l .  The  holes are d r i l l ed  8 i n .  

apart in a t r iangular  pattern. A d u s t  shield placed around the d r i l l  and used 
in conjunction w i t h  a vacuum cleaner col lects  the d r i l l i n g  chips. 

A spall  produced by the concrete spal ler  i s  shown in Figure 6. The 

spal ler  and a spalled panel are shown in Figure 7 .  Ocassionally small areas 

of surface were l e f t  in tac t .  These areas were then redr i l led  and spalled 
again. Note tha t  the rubble produced by spalling i s  conveniently sized so 
tha t  handling i s  easy and much of the surface layer remains in tac t .  A water 

- 

( a )  The concept for the concrete spa l le r  was patented by C. H .  A1 len. (3 )  
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FIGURE 5. Concrete Spal ler  Schematic 

m i s t  could be sprayed over the rubble t o  contain any dust generated by the 

spal ls .  The rubble can then be scooped i n t o  boxes f o r  disposal. The 

thickness o f  the surface removed i s  nominal ly 1 in .  I f a t  t h a t  depth 

contamination i s  s t i l l  found, the spal led surface can be r e d r i l l e d  and spal led 

as many times as necessary. Approximately one cubic f o o t  o f  rubb le  i s  
2 generated f o r  each 10 f t  o f  surface removed. 

FIGURE 6. Spa11 Made by Concrete Spa1 l e r  

3 5 



FIGURE 7. Concrete Spaller Next t o  Spalled Test Panel 

The concrete spaller can successfully be used to remove the surface of 
concrete made with reinforcing s tee l  ( rebar) .  The outer layers of concrete 
can be removed down to the rebar. If contamination i s  s t i l l  deeper, spalling 
can be done around the rebar so that  the rebar can be removed also. 

The hand-held concrete spa1 l e r  was used during decontamination of the 
303-C fac i  1 i t y  on the Hanford Reservation during July 1979. Approximately 30 

2 ft  of painted concrete floor with smearable contamination were reduced from . 
30,000 desintegrat ions per minute t o  background radiation level with one pass 
of the spal ler .  Previously t r ied detergent, strippable, and solvent-based 
decontamination agents were not able t o  bring the f loor  area t o  a nonsmearable 
condition. I 

To simplify the overall operation, the spal ler  i s  suspended on a cord 
attached t o  a pivoting overhead arm beside the operator. From insertion of 
the spaller into the hole to insertion in the next hole, the spalling 



operation i s  only f i v e  seconds. Dri l l ing the holes i s  the time-consuming part  
of the  operation. To increase the  hole d r i l l i n g  ra te ,  the  d r i l l  was mounted 
on a track or a platform. The time of 25 seconds per hole required by the 
hand-held d r i l l  method was decreased t o  10 t o  15 seconds by the use of the  
track-mounted d r i l l  on the platform. The d r i l l  was positioned horizontally 
and moved i n  and out f o r  operation. Later, motors and a control system were 
added to  the d r i l l i n g  uni t  in an e f fo r t  to  fur ther  increase the d r i l l i n g  ra te .  
The w i d t h  of t he  track was a l so  increased so t ha t  an 8-ft-wide s t r i p  could be 
covered each time the platform was positioned. Figure 8 shows the  d r i l l  in 
operation. Figure 9 shows the  wall being spalled. Motorizing the  d r i l l  added 
some problems, the most important being tha t  the d r i l l  has to be backed up and 
repositioned manually when i t  h i t s  rebar. Because of the  need t o  reposit ion 
the d r i l l  manually, the plan to  use automation on the d r i l l  and l e t  i t  work i t s  
way across the  wall while the  operator was spal l ing had t o  be abandoned. 

Normally rebar i s  3 i n .  deep, which would pose no problem for  the f i r s t  pass 
of the  spa l le r .  

FIGURE 8. Automated Air Drill  in Operation 



FIGURE 9. Concrete Spaller i n  Operation 

The hand-held concrete spaller i s  capable of removing approximately 300 
2 f t  of surface per sh i f t .  I t  is assumed that  1) 3-1/3 holes and spal ls  are 

2 2 required to  remove 1 f t  of surface, 2 )  60 f t  of surface can be removed 

in an hour, and 3)  the equipment i s  used by two men for  f ive  hours each s h i f t  
( the reduced man output per s h i f t  i s  because of the physical e f fo r t  required 
to  use the a i r  d r i l l ) .  

The material costs shown i n  Table 2 are based upon $0.45 per spalled 
hole. The costs  include the amortized costs for  d r i l l  b i t s ,  the d r i l l ,  
spaller b i t s ,  the hydraulic pump, cylinder, hoses and handle, and vacuum 
cleaner with absolute f i l t e r s .  Rental costs are included for  an a i r  
compressor to  power the d r i l l  and vacuum cleaner. The cost to remove 1 f t  2 

of surface i s  $3.55. 

Because of the fas te r  dr i l l ing  rate ,  the platform-mounted concrete 
2 spaller i s  capable of removing approximately 600 f t  per sh i f t .  About 100 

2 f t  of surface can be removed each hour by two men working 6 hours over an 
8-hour s h i f t .  , 

The material costs increase to $0.49 per spalled hole w i t h  the addition 
of the platform, and the rental costs increase because a f o r k l i f t  i s  used. 

2 However, w i t h  the more rapid removal ra te ,  the cost to remove 1 f t  of 

surface i s  $3.00. 



HIGH-PRESSURE WATER 

The high-pressure water technique f o r  sur face removal was developed by 

Flow Indus t r i es  Inc. o f  Kent, Washington. The system cons is t s  of two pressure 

i n t e n s i f i e r s  powered by hydraul ics.  They generate a water pressure o f  50,000 

psi ,  which i s  t ransmi t ted  by a small-diameter p ipe  t o  th ree  nozzles i n  t h e  

hooded u n i t  shown i n  Figure 10. These nozzles move back and f o r t h  across the  

sur face being removed, e l i m i n a t i n g  1/8 t o  1/4 i n .  o f  t h e  surface. F igure  11 

shows two o f  the nozzles and a s lab o f  concrete w i t h  p a r t  o f  the sur face 

removed. 

2 The system can remove approximately 6 ft o f  surface per minute. It i s  

a lso very  powerful: i t  not  on l y  b las ted t h e  grout  f rom between the  aggregate 

bu t  it removed the  tops o f  the  aggregate as we l l .  The technique produces a 

l o t  o f  m i s t  and smal l -s ize rubb le  which shoots out  everywhere. 

Although unt r ied ,  i t  i s  expected t h a t  the  water and rubb le  can be picked 

up by a h igh- f low vacuum system. The water and rubb le  cou ld  be separated, t h e  

rubb le  contained, and the  water f i l t e r e d  and used again. 

FIGURE 10. Hi  gh-Pressure Water Surface Removal Equipment i n  Operation 



FIGURE 11. High-Pressure Water Nozzles and a Slab of Concrete w i t h  
Part of the Surface Removed 

The high-pressure water system might lend i t s e l f  t o  being developed for  
use on walls and ceil ings.  

Not enough research has been done with th i s  technique to estimate the 
cost of operation. 

CONCLUSIONS 

The three techniques described i n  t h i s  paper are f e l t  t o  meet the 
c r i t e r i a  for decontaminating concrete surfaces. A1 though some noncontaminated 
surface material i s  removed with the contaminated material, the amount of 
rubble which has to be placed in controlled storage is reduced dras t ica l ly  
over the often used method of placing the whole wall or f loor  into storage. 

The physical s ize  and type of the equipment will depend upon the s i ze  of 
f a c i l i t y  to  be cleaned. While hand-held equipment will  be used in confined 

areas, a large platform w i t h  several automated d r i l l s  and spal lers  could be 

used in large containment vessels and canyon buildings. , 

\ 
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APPLICATION OF DIAMOND TOOLS WHEN DECONTAMINATING CONCRETE 

Barry L .  Woods 

Concrete Coring Co., Inc. 
Vancouver, Washington 

Roger F. GoZsett 

Concrete Coring Co., Inc. 
Sea t t le ,  Washington 

The u t i l i za t ion  of diamond concrete cutting tools 
of fers  new potential approaches to  the recurring prob- 
1 ems of removing contaminated concrete. Innovative . 

techniques can provide exacting removal within a dust- 
f ree  environment. Present day techno1 ogy a1 1 ows remote 
control operated equipment t o  perform tasks heretofore 
considered impossible. Experience gained from years 
of removing concrete within the construction industry 
hopefully can contribute new and improved methods to  
DAD projects.  



INTRODUCTION 

Gentlemen, i t  i s  both an honor and privelege t o  appear here before 

this distinquished group. My name i s  Barry Woods, I am President of Concrete 
Coring Company, Incorporated and my associate here today is  Roger Gossett. 
Keeping in mind tha t  th i s  is  a workshop w i t h  the aim of an informal exchange 

of information, our  paper has been submitted accordingly. We hope t o  generate 
some new thoughts toward techniques of concrete decontamination. To provide 

you w i t h  a brief background of what Concrete Coring Company is  and as a visual 

aid fo r  you t o  refer  t o  in a few minutes, each of you should have received a 

brochure of our  companys' operations. I would 1 i ke t o  explain tha t  we are 

a company specializing in to ta l  and part ia l  concrete removal by the most 

modern methods and tools  available.  Our company i s  a network of franchises 

reaching from Florida t o  the West Coast w i t h  some foreign branches. Each 
franchise i s  independently owned and operated and performs autonomous of the 

others. For example, our Vancouver, Washington of f ice  just completed a pro- 

jec t  in New York l a s t  month. Some franchises are large and some re la t ive ly  

small. Jo in t  ventures a re  common occurrences between franchisees. We main- 

ta in  our own central ful l t ime engineering f a c i l i t y  which i s  located in Cali- 

fornia. This f a c i l i t y  concentrates on research and development of new tools ,  

manufacturing proprietary equipment presently in dai ly use, plus production of 

special ized equipment f o r  special jobs.  I understand tha t  many i n  attendance 
today are unfamiliar w i t h  diamond concrete cut t ing tools ;  therefore,  a t  this 
time we would l i k e  t o  show a portion of a motion picture.  The purpose i n  

showing t h i s  fi lm i s  t o  help acquaint you w i t h  the s i ze  and speed of this 
equipment and what some of the capabi l i t ies  are.  We ask your indulgence i n  

overlooking the commercial overtures. The film i t s e l f  i s  twenty minutes long; 

however, we will  only show seven minutes today. Anyone wishing t o  see the fi lm 

in i t s  en t i r e ty  may do so by contacting us afterward. This fi lm i s  a l so  . 
available t o  you in casse t te  form w i t h  projector a t  no charge. The equipment 

tha t  you have just seen being operated in th i s  film represents some of the 

basic diamond concrete cutting tools  used within our industry today. These 

tool s , when combined w i  t h  demo1 i t i  on tool s and used by experienced operators 

i n  conjunction w i t h  jackhammers, chipping guns, hyrams , hoerams, and flame- 



cut te rs ,  can l i t e r a l l y  remove any concrete s t ruc ture  or portion thereof 
economically within exacting standards and res t r ic t ions .  

TECHNIQUES AND EQUIPMENT USED FOR CONCRETE DECONTAMINATION 

I t  i s  generally accepted there a re  re la t ive ly  few ways t o  decontaminate 
a building surface. Each has i t s  l imitat ions as well as advantages. They 
are: seal the radioact ivi ty  on the surface i f  the ac t iv i ty  level allows, 
swabbing with water or  decontamination agents, steam eject ion,  flame spal l ing,  
pressure blasting w i t h  abrasives or other agents, and mechanical removal of 
the surface. I t  i s  t o  t h i s  l a t t e r  method, mechanical removal, t h a t  we address 
ourselves. We wish t o  consider only instances wherein the radioact ivi ty  has 
penetrated the concrete to  a degree t h a t  d ic ta tes  removal of the contaminated 
concrete or  the removal of the surface layer only. 

In the past,  the most commonly used methods f o r  achieving the above, has 
been by u t i l i za t ion  of explosives, sand o r  shot blasting techniques, a i r  and 
hydraulic powered hammers operated e i the r  manually or  mounted on power equip- 
ment such as backhoes o r  bobcats, plus various brushes, sanders, grinders,  and 
rock s p l i t t e r s .  The employment of these tools  usually generates large amounts 
of d u s t  resul t ing i n  substantial  airborne contaminates w i t h  the threa t  of re- 
contamination of clean surfaces. Additional adverse s ide e f fec ts  such as s t ruc-  
tural  damage t o  remaining areas, excessive noises and vibrations a re  a l so  f r e -  
quently associated w i t h  these tools.  

We a re  most famil iar  w i t h  the previously described impact or demolition 
tools as we own many of these items a t  the present time and use them i n  our 
dai ly  course of business. We concur t h a t  i n  many instances these a re  the 
proper tools t o  be u t i l ized  on concrete decontamination projects.  However, 
we have serious reservations,  doubts, and fears  tha t  i n  many cases the advan- 
tages offered by diamond cutting tools  remains mostly unknown and untried. 
The techniques we employ are  the r e su l t  of years of successful t r i a l  and e r ro r  
experiences . 



ADVANTAGES AND DISADVANTAGES OF DIAMOND CUTTING TOOLS 

The advantages diamond tools  offer are ,  economy, speed of cut ,  to ta l  
control of the s i z e  and surrounding surfaces t o  be removed, no; dust,  'vibra- 
t ions,  excessive noises or  other adverse s ide ef fec ts .  

The only disadvantage usually associated w i t h  diamond tools  i s  the water 
used f o r  cool ing. This reputation comes from w i t h i n  the construction industry 
where the water mus t  be vacuumed up or  a mess may resul t .  When we are speak- 
i n g  of controlling the water on D & D projects o r  r i sk  fur ther  contamination 
spread, obviously a more serious approach is  required and we have several 
a l ternat ives a t  our disposal. We can presently control the water in most 
cases t o  any extent necessary w i t h  special notice and equipment. We can re- 
duce the large spray of water now being used t o  a f ine  mist and sac r i f i ce  
some diamond l i f e  thereby preventing airborne contamination w i t h  l i t t l e  or no 
excessive amounts of water resulting. We can subs t i tu te  carbide instead of 
diamonds or  some combination thereof. We can a l t e r  our bond formulas when 
manufacturing diamond tools and seek tools which u t i l i z e  f a r  l e s s  water. We 
can seek cooling f lu ids  other than water, and f i n a l l y ,  we can cut  dry i f  nec- 
essary as we have before on several occasions due t o  unusual circumstances. 

We would ask f o r  your opinions, suggestions, and imagination as t o  the 
adaptabi l i ty  of some job s i t e  projects depicted i n  our brochures being applied 
towards D & D tasks. 

I f  you would be kind enough t o  open the core d r i l l i n g  brochure and t u r n  
to  the upper l e f t  hand corner of page eight  (8) you will  see a remote control 
core d r i l l i n g  application. Present day technology makes this economically 
possible. Remote control removal i s  feas ib le  i f  the need ex i s t s .  Core d r i l l -  

ing is  used i n  a variety of ways, f o r  example, please r e fe r  t o  page s i x  ( 6 ) ,  . 
the top portion i l l u s t r a t e s  a large block of concrete tha t  has been "l ine" o r  
"s t i tch"  d r i l l ed  f r e e ,  a l so  note the bottom portion of page nine ( 9 )  wherein 
a long core is being extracted. Virtually any s i z e ,  depth, or  shape of concrete 

can be removed dust f ree.  I f  the contamination level were such tha t  removal t o  
a sol id waste center i n  containers were required, the concrete could be pre- 

cut t o  match the container s ize.  



W i t h  respect t o  removing concrete s lab areas, please refer  t o  the f l a t  
sawing brochure. On page three (3)  you will  note a small slab area being cut 
f ree  by a small e l e c t r i c  powered saw, by comparison, i f  you would next re fer  
t o  the wall sawing brochure, page s i x  ( 6 ) ,  bottom l e f t  hand corner, you will 
see a large section of s lab being removed. Also depicted on other pages are 

unusual applications of this equipment. We should mention a t  t h i s  point tha t  
wall saws depicted in t h i s  brochure are  predated, the more current models do 

no t  require the operator t o  hand crank or  be next t o  the saw while the actual 

cutting operation is  taking place. The modern s t a t e  of the a r t  provides models 
which are se l f  feeding and operate from a remote control box much as depicted 

by the  i l lu s t r a t ion  on page two ( 2 ) .  Cutting depths u p  t o  24 inches are pos- 

s ib le  from one s ide w i t h  this saw. This equipment i s  a lso convertible t o  a 
track mounted s lab or  wall grinder as depicted i n  photographs number one (1)  
and number two (2 ) .  Photograph number two (2) indicates depths of removal. 

T h i s  par t icular  feature would be extremely e f f i c i en t  in rapidly removing one 

(1)  t o  two ( 2 )  inches of vert ical  surface concrete. 

With respect t o  grinding and grooving o r  part ia l  removal of s lab  areas, 

we refer  you to  our  grinding and grooving brochure. You will see tha t  t h i s  

equipment comes i n  a l l  s izes  from hand held, on page f ive  ( 5 ) ,  t o  20 foot 

long se l f  propelled machines, page seven ( 7 ) .  On page s ix  (6)  is  an enlarge- 

ment of a grooving head, consisting of a se r i e s  of blades mounted on a spindle. 
I f ,  f o r  example, the top three ( 3 j  inches of concrete were required t o  be re- 

moved from a slab we would simply use a combination of the proper diameter 
blades; thence, saw cut approximately three and one-half (3%) inches deep and 
the concrete wafers remaining between the individual blade s l  o ts  would simply 
break and chip off dust f r ee  w i t h  ease. T h i s  method is  much more e f f i c i en t  
than attempting t o  grind off three ( 3 )  inches of concrete or  the use of jack- 
hammers or  chipping guns t o  accomplish same. Reference t o  the photographs 
numbered three ( 3 ) ,  f ou r  (4 ) ,  and f ive  (5)  may a s s i s t  you visually.  . 

Considering our time allotment has expired I would simply l ike  t o  

emphasize in closing tha t  perhaps the remote control capabili ty alone may 

provide capabil i t ies  t o  complete tasks tha t  heretofore were considered i m -  

possible. 



PHOTOGRAPH 1. 

48 



PHOTOGRAPH 2. 









The following i s  a l i s t  of nuclear p lan t s  t h a t  Concrete Coring Company 
has performed work on e i t h e r  during construction phases o r  p lant  maintenance. 

Dresden Nuclear Power Sta t ion U n i t  I ,  U n i t  11, U n i t  I11 ( I l l i n o i s )  ' 
Yankee Nuclear Power Sta t ion (Massachusetts) 
Enrico Fermi Atomic Power Plant  U n i t  I and U n i t  I1  (Michigan) 

San Onofre Nuclear Generating Sta t ion U n i t  I ,  U n i t  11, U n i t  I11 
(Cal iforni a )  

Browns Ferry Nuclear Power Plant  U n i t  I and U n i t  I1 (Alabama) 
Diablo Canyon Nuclear Power Plant  U n i t  I and U n i t  I1 (Ca l i fo rn ia )  

Zion Sta t ion U n i t  I and U n i t  I1  ( I l l i n o i s )  
Cooper Nuclear Sta t ion (Nebraska) 
Rancho Seco Nuclear Generating S ta t ion  U n i t  I (Cal i fornia)  

Trojan Nuclear Power Plant  U n i t  I (Washington) 

Hanford Nuclear Plant  U n i t  I and U n i t  I 1  (Washington) 

LaSalle County Nuclear S ta t ion  U n i t  I and U n i t  I1 ( I l l i n o i s )  

Bryon Sta t ion U n i t  I and U n i t  I1 ( I l l i n o i s )  
Grand Gulf Nuclear Sta t ion U n i t  I and U n i t  I1  (Miss iss ippi)  

Seabrook Nuclear Sta t ion U n i t  I and U n i t  I1 (New Hampshire) 
Palo Verde Nuclear Generating Sta t ion U n i t  I and Unit I1  (Arizona) 
Quad Ci t i es  Sta t ion U n i t  I1  ( I l l i n o i s )  

Donald C. Cook Plant  I and I1  (Michigan) 



DIAMOND BLADE GRINDING AS A MEANS FOR REMOVING 
SURFACE CONTAMINATION FROM CONCRETE 

Thomas W. Lynch 

Nuclear Control Corporation 
1801 Penhall Way 
P .O. Box 4609 

Anaheim, California 92803 

The use of a highway grinding unit for the 
decontamination of a 5,000 square foot surface is 
described. The type of equipment presently in use 
is described. Performance characteristics, waste 
collection and water usage are commented on. 
Variables in blade design are discussed. Feasibility 
of the grinding technique for water soluble 
contaminants and vertical surfaces is referred to. 



INTRODUCTION 

In the process of decontaminating a depleted uranium manufacturing 

f a c i l i t y ,  a considerable area of blacktop was found t o  have a contaminated 
surface 1 ayer. The blacktop, approximately 5,000 square f e e t ,  adjoined a 
building i n  which depleted uranium was the stock used i n  a manufacturing 
process. As a r e s u l t  of a decision t o  relocate  and expand the  manufacturing 
operation, the f a c i l i t y  had t o  be inspected f o r  agency compliance. The 
inspection revealed widespread contamination throughout the main manufacturing 

building as  well a s  the surrounding blacktop area.  W i t h  respect  t o  the 

blacktop area,  the problem was viewed as  finding a su i tab le  method f o r  the 

removal of a surface layer  of approximately 1/8" thickness in order t o  

render the area su i tab le  f o r  unconditional release.  The level of 
contamination was low (approximately 10,000 - 20,000 DPM per 100 square 

centimeters) b u t  above acceptable level s .  

A description of the project emphasizing the blacktop problem was 

presented to  the Penhall Company. Penhall, with over 20 years experience 

in the sawing, breaking, and grinding of concrete, was requested, t o  study 

the problem and recommend a solution. The recommendation was t o  apply a 

diamond blade grinding procedure t o  the blacktop. This process was 

identical t o  the grinding process which Penhall had perfected in the removal 

of approximately 9,000,000 square f e e t  of highway and freeway surfaces.  

In the subject  case the surface was successfully removed by the 
grinding operation. The generated swarf was picked u p  by a vacuum system 
attached to  the u n i t  and pumped t o  a water tank truck. The moist swarf 

was removed from the tank truck, allowed t o  dry and transferred t o  

55 gallon drums f o r  shipment t o  a burial s i t e .  

Subsequent radioact ivi ty  surveys demonstrated tha t  the remaining 

blacktop was within acceptable levels  f o r  unconditional re1 ease. 



BACKGROUND 

The removal of vast amounts of concrete pavement using diamond saw 

blades dates back to  the ear ly  1960's when the process of highway grooving 

proved t o  be highly ef fec t ive  in reducing the number of wet pavement 

accidents on California freeways. In the years s ince,  hundreds of miles 

of freeway pavement have been grooved in the Los Angeles area alone. 

Although the i n i t i a l  costs  f o r  blades are  high, grooving with diamond 

saw blades i s  the only known method by which t h i s  process can be done 

economically. 

By the mid 19708s, the process known as highway "grinding" became an 

economically feasible  method f o r  rehabi l i ta t ing old,  bumpy sections of 

highway, which process might be described as grooving with diamond blades 

spaced very closely together. 

The working "head" of a grinding machine i s  a spindle on which as many 

as 250 diamond blades a re  mounted, and the blade assembly may be up to  

4 f e e t  wide. The amount of concrete removed from the surface of a highway, 

of course, depends on the degree of roughness. Often i t  i s  necessary t o  

grind away the surface to  depths of over one inch, and t h i s  normally requires 

two or  more passes with the diamond head. A s ingle  head of blades will 

remove from 30,000 t o  100,000 square yards of highway surface, depending 

on the hardness and abrasiveness of the concrete mixture and one machine 

will typical ly  resurface about 3,000 square yards per 8-hour s h i f t  (about 

112 mi 1 e of a 12-foot wide 1 ane) . 
The grinding uni t  used on the subject project weighed 16,000 Ibs. and 

was powered by a 225 h.p. turbo-charged diesel engine. I t  was hauled on a 

three axle truck equipped w i t h  a t i l t i n g  and rollback bed f o r  ease in 

loading and unloading. A 38" wide cutting head was used. 



Technical Discussion 

Highway grinding machines a re  bu i l t  fo r  r ig id i ty  - the a b i l i t y  to  

del iver  maximum horsepower and torque t o  the heavy blade spindle so as 
to  produce an even prof i le  on the highway surface. The t r a c t o r  engines 
used (usually d i e se l )  will  generate up  t o  300 horsepower a t  about 2,000 rpm. 

The blade spindle rpm i s  varied with interchangeable pulleys, and i s  most 

often rotated i n  the direct ion counter t o  direction of forward motion t o  

produce a condition known as "up-cutting". The thrust of up-cutting tends 
t o  drive the blades down into the pavement t h u s  making i t  eas i e r  t o  maintain 

level cutting. 

The c r i t i c a l  elements in a grinding process includes diamond blade 

selection, col lect ion system and water control.  

The diamond blades (12 to  14 inch diameter) are  essent ia l ly  a l loy  s tee l  
disks on which a r e  mounted diamond-bearing composite "segments" careful ly  

formulated from mixtures of industr ia l  diamond par t ic les  and metal powders. 
The diamondhetal powder mixtures a re  molded under heat and pressure t o  

produce dense composite "segments" subsequently s i l v e r  brazed onto the s tee l  

disks.  Each blade will  contain from 16 t o  20 segments. The diamond par t ic les  
may be e i the r  natural "mined" diamond o r  they may be synthesized, the l a t t e r  

of which are  generally stronger due t o  the lesser  amounts of defects  i n  the 
c rys ta l s .  In  both cases,  the pa r t i c l e  s izes  used range from 20 down t o  60 
U.S. Mesh. 

The proprietary metal a l loys used t o  hold the diamonds i n  place a r e  

known as "bonds" and these can be ta i lored  t o  the properties of the concrete 
being ground - a bond su i tab le  f o r  grinding high strength concrete containing 

very hard aggregates would not necessarily be su i tab le  f o r  low strength 
concrete containing s o f t  aggregate and vice versa. For t h i s  reason, i t  is  

highly desirable  to  know as much as possible about the properties of the 
concrete in  advance of the job. Some of the more important properties t o  

be sought out in advance are:  

1. Hardness, s i ze ,  and soundness of the aggregate. 

2.  Composition, s i z e ,  and shape of the sand par t ic les  used in the mix. 



3.  Compressive strength of the concrete mix i n  the present s t a t e  of 
cure. (Compressive strength t e s t s  can be performed non-destructively 
on the job s i t e . )  

From these data,  the blades can be formulated so as to  optimize the grinding 
process in terms of blade wear and cutting ra tes  and, hence, give the lowest 
overall costs. 

The cooling and waste collection systems a re  of par t icular  concern f o r  

contemplated uses i n  decontamination. The en t i r e  grinding head i s  enclosed 
i n  a vacuum hood which f i t s  closely over the blades. Rubber seals  f i t t e d  

around the hood a re  in contact with the pavement surface a t  a l l  times. 

An 8,000 gallon capacity water tanker truck supplies cooling water f o r  
the blades. The water i s  pumped from the tanker by means of a centrifugal 
pump and the blades a re  wetted through a spray bar a t  a ra te  of approximately 

50 gpm. 

During the grinding operation, an impeller vacuum pump which i s  mounted 
on the grinding uni t  pul ls  the swarf and returning cooling water into a 

collection box which i s  a l so  mounted on the unit .  Within t h i s  colTection 
tank, the difference i n  density between the a i r  and water i s  u t i l ized  t o  

separate the two. The a i r  i s  exhausted to  ambient while the water and 
sol ids a re  drawn out of the bottom of the collection tank. A centrifugal 

pump then t ransfers  the swarf and water back t o  the tanker truck which i s  
equipped w i t h  baffled and f i l t e r e d  compartments. The sol ids  s e t t l e  out i n  

the forward tanks and the clean water i s  recirculated back t o  the grinding 
uni t .  The eff ic iency of the e n t i r e  vacuum system i s  such tha t  the pavement 
surface a f t e r  grinding has the appearance of being damp-mopped. W i t h i n  a 

few minutes, the pavement surface i s  completely dry. 

In routine highway grinding operations approximately 4,000 gallons of 

water i s  u t i l ized  i n  the recirculat ion process. By the end of an 8-hour 

work s h i f t ,  there a re  typical ly  11 tons of swarf i n  the tanker. The amount 

of swarf generated i s ,  of course, variable due to  the composition of the 
material removed. The swarf i s  dumped through s ix  inch 1 ines located under 

the water tank and i s  cleaned w i t h  h i g h  pressure water j e t .  



Concrete Decontamination 

The highway grinding equipment in i t s  present form may be used f o r  the 
removal of low-level insoluble contaminants. In t h i s  case, the water usage 
would be minimized. The use of flocculents s e t t l e s  the swarf quickly and 
f a c i l i t a t e s  drying. The damp swarf can be removed from the holding tanks 
without the use of a flushing stream. The greatest  part  of the swarf 
empties i t s e l f  through the s ix  inch l ines  and the l i t t l e  remaining may be 

cleaned out w i t h  some s o r t  of squeegee. Holding tanks or  p l a s t i c  l ined p i t s  
may be used f o r  drying. The disposit ion of higher level insoluble wastes 
would necessi ta te  considerable technical innovation based on the same general 
principles.  

In cases where the use of cooling water i s  prohibited, dry grinding 
may be feasible .  For example, diamond d r i l l s  were developed f o r  dry use 
in sodium-cooled reactors.  I t  i s  conceivable tha t  the pr inciples  applied 

there could be u t i l i zed  in the development of a diamond grinding process 
without water cooling. The design of blades f o r  maximum heat t r ans fe r  

using high conductivity metal bonds, high conductivity disks,  and high 

speed rotat ing sea l s  would have application i n  t h i s  area. I t  i s ,  of course, 

t o  be expected t h a t  surface removal ra tes  would have to  be considerably 

slower so as to  minimize the r a t e s  of heat build-up in the diamond tools .  

Excessive heat generated in a diamond tool a f fec ts  the, i n t e g r i t y  of 

the diamond par t ic les  through thermal shock and through graphi t izat ion.  
Excessive heat a l so  a f f ec t s  the rotat ional  s t a b i l i t y  of the blade i t s e l f  

due t o  uneven thermal expansion, and t h i s  e f f e c t  shows up quickly via 
sudden heavy vibrations in the rotat ing system. However, there  a re  cases 

where diamond sawing without the use of l iquid coolants have been successful,  

such as the sawing of porous, abrasive brakelining materials.  In these 

cases, the adverse e f f ec t s  of thermal expansion were avoided by simply 

s p l i t t i n g  the blades in to  two semicircular sections and reassembling the 

sections on a special ly  designed spindle. When t h i s  was done, thermal 

expansion became uniform and did not d i s t o r t  the blades. 



To date,  we have not developed equipment tha t  will perform the diamond 

blade grinding operation on vert ical  surfaces. However, the problem has 
been conceptually examined by our equipment division. 

I t  i s  considered tha t  a reasonable approach would be based on technology 

already developed f o r  concrete wall sawing. In this technique, small diameter 
holes are  d r i l l ed  on the wall surfaces and concrete anchors s e t  i n  place. 
Metal track i s  bolted to  the anchors, and the saw traverses the track e i the r  

man-operated o r  automatically by servo motors. Waste collection and water 

control would present a more severe problem here than on horizontal surfaces. 

Another approach to  ver t ical  surfaces which would have the advantage 

of increased working distances from higher level radiation f ie1 ds would 
involve the use of a backhoe or  s imilar  device. In t h i s  case, the a r t icu la ted  

arms would press the track against the wall and the r e s t  of the grinding 

operation would be controlled by the backhoe operator. 

In cases where access or  working space i s  l imited, there a re  lawn 

mower s i ze  grinding uni ts  available.  So f a r ,  we have not equipped these 
uni ts  with vacuum waste collection systems. However, t h i s  would not appear 

to  present any fundamental problems. 

In summary, diamond blade grinding has present application in 
contaminated concrete removal under certain circumstances. The scope of 

i t s  application could be extended considerably w i t h  fur ther  development. 
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This report centers on the use of heat to decompose 
contaminated concrete to facilitate its removal. It 
discusses the use of electrical resistance heating and 
induction heating to cause differential expansion 
between the reinforcing steel and the concrete in order 
to spall the concrete. It introduces the concept of 
using induction heating to both decompose and spall 
steel impregnated concrete, acknowledging the work of 
Charles H. Henager in this field. 

The techniques are offered as theoretical and 
untested possibilities. Their practical application 
- - - - - - - - - 

depends upon €tiep effect tveness -of alterrrrti v e r  and upen - - --  - - - - - 

further development of these concepts. 



INTRODUCTION 

The decontami nation techniques considered here stem from an earl ier inves- 
(1 

- 
tigation of the effects of heat on concrete as a demolition device. 

These techniques are untried and each has what appear to be practical 
1 imitations. They appear to have theoretical validity. Depending upon the 

alternatives, they could be of practical value for specific situations. 

These techniques include the use of: 

space heating to decompose concrete surfaces 

electrical resistance heating of steel-reinforcing bar to spall 

concrete from the steel 

electrical induction heat to spall concrete from steel reinforcing 
bar 

electrical induction heat to decompose and spall steel-impregnated 

concrete (Wi randm). 

The use of heat to decompose concrete calls for a brief review of the 

nature of concrete and its responses to heat. Concrete is composed of calcium 
carbonate (CaC03) cement (20% to 30%) and rock and sand aggregate (70% to 
80%). The cement glues the aggregate together. Concrete has some 5% to 6% 

water by weight, even when dry. Eighty percent of this water is free water 
and 20% is chemically bound. 

When the temperature of concrete is raised to 212OF, the free water is 

driven off as steam; an explosive spalling of the concrete occurs if the tem- 
perature is raised faster than the water vapor can escape through the pores of 
the concrete. At about 400°F to 500°F the chemically bound water is driven 

off. This dehydration causes the cement paste to shrink and lose some of ,its 

adhesion. There is a strength loss at this point on the order of 10% to 25%. 

When the temperature is raised to 1063OF, there is a change in the crys- 

talline structure of quartz (from quartz alpha to quartz beta), which results 

@ Wirand is a registered trademark of the Battel le Development Corporation, 
Columbus, Ohio. 
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in swell i ng and internal cracking. Concrete with quartzitic aggregate wi 1 1  
have lost 50% to 75% of its strength at this approximate temperature. 

Between 1200°F and 1600°F, Portland cement (CaC03) converts to CaO + C02, 
with the C02 leaving as a gas. After exposure to the atmosphere, as the con- 
crete cools, the CaO absorbs moisture from the atmosphere and converts to CaOH2. 

CaOH2 is considerably weaker than CaO and wi 11  spontaneously disintegrate, 
with the rocks and sand falling loosely. The scale of strength loss due to 
heating is taken from Abrams. (2, Figure 15) 

The specific heat of reinforced concrete is a nominal 0.20 Btullb. It 
takes about one-fifth as much heat to raise a pound of concrete 1°F as it 
takes to raise the same weight of water 1 F. The specific heat of steel is a 
nominal 0.10. 

Thermal conductivity is the rate at which heat is passed through a sub- 
2 stance. It is expressed in Btu/ft /degree F temperature differencelft. The 

thermal conductivity of concrete is 0.54, and the thermal conductivity of steel 

is 26.2.(3) Heat goes through steel some 48 times as fast as it goes through 
concrete. 

In the progression of heat through a concrete wall or slab, the surface 

exposed to heat is heated much higher than the concrete behind it initially 

because of the low thermal conductivity of concrete. Over a period of time, 
however, the heat distribution approaches a straight line steady state from 

the high inner temperature to the lower temperature of the outside edge of the 
wall or structure. 

A simplified heat progression rate is that each 314 in. of depth of con- 
crete raised to 1600°F requires 4 hr. (2, p. 35, Figure 25) 

SPACE HEATING TO DECOMPOSE CONCRETE SURFACES 

Space heating to decompose concrete surfaces requires an enclosed space 
and a noncombustion heat source such as electrical heating units. Electric 

space heating is limited by the size of the units available. The largest 



located are 100 kW, which at 3412 Btu/kW equals 341,200 Btu/unit (cost 1980, 

$3,000 each). It is possible to hook up a large number of units. They can - 
operate at 1700°F to 2100°F temperatures. 

3 As an example, an enclosed space 24 ft , such as a pit, would have 5 sides 
3 and a lid of 576 ft2 each, 2,880 ft2 plus lid. To raise 2,880 ft of concrete 

.I 

1,600°F would require 2,800 ft3 x 140 1b/ft3 x 1600" x 0.20 specific heat = 
2 - - - - - - - - - - - - - - - - - - - - - - - - - -  

-L29-,000,-000-Bttr.--Tw~ thousa~cleighthundred eighty ft of concrete would 
2 transmit by thermal conduction 0.54 x 2,800 ft x 1,750" x 2,700,000 Btu/hr. 

The hourly input of 2.7 million Btu would require 48 hr to deliver the required 
129 million Btu. 

Eight 100-kW heating units would produce 2,700,000 Btu/hr (8 x 340.000). 

To compensate for heat losses from the lid and possible unit failures, 12 units 
should provide that factor. 

To compensate for heat passing beyond the first foot of depth, a doubling 

of the time could be required. A reasonable heat input would appear to be 12 
heating units operating for 96 hr. Checking this against the simplified heat 

progression rate- f 3/_4 _inz 14 hr, 96- hr = 18 in ,, a r 'a-sonable corre-l at ion-.- - - 
p - p p p p p p p - - - - - - - -  - -  

The action of the concrete should follow these steps: 

1. exhalation through the pores of the concrete of free water in 
the form of vapor - This could involve some explosive spalling. 
The volume of this vapor, which would be highly radioactive, 
could be generally computed as 0.80 x 0.06 x the volume of the 
concrete heated to 212°F x 1600 (expansion of water to steam). 

2. exhalation of chemically bound water, also highly radioactive, 
computed as 0.20 x 0.06 x the volume of the concrete heated to 
400°F x 1600 

3. progressive strength loss of the concrete as it approaches 

4. Minor contamination of previously uncontaminated concrete could 

occur as that portion cools below 212°F and draws moisture from 
the atmosphere through the contaminated portion. 4 .  



The heat progression through the mass would not initially be in a straight 
line. At the point of initial 1600°F heat penetrating to the 12-in. depth, the 
mass heated ahead would show a dropoff to some 200°F within a further 12 in. 
By doubling the 12-in. depth volume, we should be able to make a rough computa- 

tion of the volume of free and chemically bound water escaping to the pit in 
3 the form of steam vapor. In the example used of a 24-ft space, the 2,880 ft2 

3 of concrete surface x 2 ft depth = 5,760 ft of concrete. Six percent moisture 
3 content x 5,760 = 35 ft water, some 2,800 gal. Three hundred fifty ft3 x the 

3 expansion of steam = 560,000 ft of steam to be handled. 

In addition, there would be further penetration of heat into the concrete 
mass after the heat source was removed as the heat sought a steady-state dis- 

tribution. This would result in a continued exhalation of vapor for a time as 
the mass cooled. This reduced vapor flow would pass through radioactive mater- 

ial and could pick up radioactivity. It would have to be contained and treated 
until the steady state is reached and the temperature begins to recede at the 
innermost penetration. 

The feasibility of decontamination by space heating depends upon the vul- 

nerability of the heating units to spalling concrete and upon the ability to 
confine, draw off, and treat the radioactive vapors released. 

ELECTRICAL RESISTANCE HEATING OF STEEL REINFORCING BAR 

Decontamination by electrical resistance heating consists of passing an 

electric current through the reinforcing bar causing the reinforcing steel to 

expand, break its bond with the concrete and spa11 the concrete. 

This differential expansion can be readily accomplished when the rein- 
forcing bar is continuous, not grounded to other objects, and accessible for 
attachment of electrical leads. The passing of electrical current through it 
in sufficient quantity will cause the rebar to heat internally. As it expands 

from the heat, its deformation will be resisted by the concrete. A 300°F dif- 
ference in temperature is generally sufficient to break the concrete. This is 

confirmed by J. P. Vidosic, who states: 



When the deformation arising from change of temperature is 
prevented, temperature stresses arise that are proportional 
to the amount of deformation thzt is prevented . . . In the 
case of steel, a change of temperature of 12OF will cause in 
general a unit stress of 2,340 lb/in.3(4, Po 5-17) 

3 At 195 Ib/in. /degree F, a change of 302OF would generate a stress of 

58,890 ~ b / i n . ~  This generally exceeds the full bonding strength of concrete 

and could reasonably be expected to cause failure. The steel could be heated 
some 8 times the 300°F cited and generated deformation forces far beyond that 
requ i red. 

The procedure is not likely to be successful for the already constructed 

plants with which we are most concerned because: 1) the reinforcing steel is 
tied together in grids which can pass large amounts of current without heating, 

2) the reinforcing rods are discontinuous, and 3) the ends are not readily 
accessible for attaching electrodes. 

These problems could be overcome readily in new construction. Continuous 

separate bars with accessible ends could be built into areas of concrete 

expected to become heavily contaminated. Decontamination of these areas would 

become safe, fast, and inexpensive. 

A process for accomplishing electrical resistance heating of reinforcing 

steel is described in French Patent #918,321, not available at time of writing. 

The electrical resistance procedure could be carried out with a minimum 
amount of human exposure to radioactivity. 

ELECTRICAL INDUCTION HEAT TO SPALL CONCRETE FROM STEEL REINFORCING BAR 

Electrical induction heating can heat buried steel without heating the 

intervening concrete. Decontamination by induction heating of a shallowly 

buried rebar or wire mesh pattern would avoid the necessity of exposing the 

ends of the steel for attachment of electrodes and the necessity that the steel 

be a continuous conductor. Since it has a 1 imi ted depth of penetration, induc- 
tion heating should be designed for use in areas not expected to be deeply con- * 
taminated. It requires preplanning into new construction to be most effective. 



It requires a relatively sophisticated device compared to resistance heating. 
It should be a safe and relatively economical method for decontamination. 
Induction heat creates a rapidly reversing magnetic field which penetrates 

through concrete to the buried steel. It induces an electrical current in the 

buried steel and, by reversing the direction of the current, causes the atoms 

to rapidly and continuously change their a1 ignment, creating heat. 

There are many induction heating devices on the market and they can be 

modified for particular application. The details of design and operation of 

one such device are contained in a Japanese patent. ( 5 )  It claims that when 

the rei nforcement has been heated 150°C (302OF) above ambient, the reinforce- 
ment will break its bond and the concrete can then be readily removed. This 
is confirmed by Vidosic. (4 )  

The current must reverse fast enough to heat the molecules of the steel, 

but slow enough to permit penetration of the magnetic field through the con- 
crete. Four hundred Hertz is the frequency range proposed by Itoh. Higher 

frequencies have a falling off of penetration and their reflections in the very 

high frequencies can be harmful to humans, causing cataracts and bone damage. 

The coil requires continuous cooling to prevent it from burning out. This can 
be accomplished by wrapping the coil with copper tubing through which water is 

passed, rather than with solid cooper wire. Itoh specifies the use of a 

capacitor to increase the effectiveness of the magnetic flux. 

The effective use of induction heating requires the placement of reinforc- 
ing or wire mesh at the depth required to be removed. 

Reduction of human exposure would call for a remote-controlled heating 
coil. 

The procedure requires a fairly complex machine and has limitations of 

depth of penetration and hea,t capacity. It has the possibility of reducing 
human exposure to radioactivity. 

A drawback of induction heating is that it generally requires preplanning 

and pre-building of the steel mesh or rebar at the optimum depth for 



decontamination. This drawback could be partly overcome by imbedding steel in 
the concrete itself. The heat would only have to penetrate to the depth that 
was to be removed and that depth could be varied according to how deeply the 

concrete was contaminated. The penetration could be set for 1 to 6 in. This 
mixture of steel and concrete could be used as a surface coating over new or 

existing uncontaminated surfaces to assure their future readiness for 
decontamination. 

There is such a steel-impregnated concrete in existence cal led Wirand? 
It has millions of steel wire strands mixed throughout the concrete. The steel 
amounts to some 2% of the mix. The expansion of a 2% steel content should be 

sufficient to fracture the concrete. I base this on the calculation that 2% 
3 of a cubic yard (46,656 in. ) = 933 in.3 of steel. This would amount to 

390 lin ft of 1/2-in. rebar. That much rebar would rupture a cubic yard o f  

concrete just on the face of it. By Vidosicis figures, 933 in.3 of steel 

raised 300°F would generate a deformation stress of 58,890 lb x 933 = 

54,944,370 Ib. The temperature could easily be quadrupled. In addition, the 

concrete itself could be decomposed by these millions of internal heat sources 

if they were heated above the 300°F specified for spa1 1 ing. Charles Henager, 

Sr., of Battelle, Pacific Northwest Laboratories, invented and developed 
Wirand" and is the authority on its composition and application. 

Wirand" can be gunited onto surfaces expected to become contaminated with- 
out extraordinary expense. It is an established product which has been suc- 
cessfully gunited. 

Study is needed to design the precise induction heating device to remove 
it. The theory is well established and there are many hardware examples to 
select from. The process can be remotely controlled to minimize human 
exposrure. 

I believe that Battelle has a significant "in-house" solution in WirandB 
to some of the problems of concrete decontamination. 



SUMMARY 

These techniques are offered as theoretical and untried possibilities. 
There appears to be theoretical justification for pursuing their development. 

In particuar, electrical resistance heating could find a practical application 
being built into reactor pit areas. ~irand" appears to have a wide potential 
application. Decomposition of concrete by space heating is an "iffy" alterna- 
tive which could be valuable in heavily contaminated pit areas in existing 
installations. 
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A study i s  being conducted of the resources and 
planning tha t  would be required to  clean u p  an exten- 
s ive  contamination of the outdoor environment. As 
par t  of t h i s  study, an assessment of the f l e e t  of 
machines needed f o r  decontaminating large outdoor 
surfaces of horizontal concrete wi 11 be attempted. 
The operations required will be described. The per- 
formance of applicable existing equipment will be 
analyzed i n  terms of area cleaned per uni t  time, and 
the comprehensive cost of decontamination per u n i t  
area will be derived. 

Shielded equipment fo r  measuring directional 
radiation and continuously monitoring decontamination 
work will be described. 

Shielding of dr ivers '  cabs and remote control 
vehicl es w i  1 1 be addressed. 

* 
Research sponsored by the U.S. Department of Energy under contract 

W-7405-eng-26 with the Union Carbide Corporation. 



INTRODUCTION 

A study of the log i s t i c s  and tasks f o r  a large-scale decontamination of 

the environment i s  underway a t  ORNL as  par t  of the Emergency Technology 

Program conducted f o r  the Operational and Environmental Safety Division of 

the Department of Energy. The study i s  considering a s i tua t ion  i n  which 

contamination i s  i n i t i a l l y  deposited by aerosol on surfaces and has been 
rained on. In contrast  t o  much decontamination and decomissioning experience, 
i t  i s  assumed tha t  there has been re la t ive ly  l i t t l e  t r a f f i c  on the affected 
surfaces. 

In such a s i tua t ion ,  most of the area tha t  would be affected would be 

unpaved. However, decontamination of the few percentage of paved area would 
have a high p r io r i ty  and a cer tain amount of time urgency in a large operation 

t o  provide access t o  the affected area and pathways f o r  l o g i s t i c  support. I t  

i s  a lso assumed t h a t  decontamination methods used must pick up the contamina- 

t ion rather than simply flush i t  down a storm drain or in to  the surrounding 
so i l  o r  drainage system. In concept, something l i k e  a large vacuum cleaner 

i s  required, operating in conjunction w i t h  a method of providing a control lable  

amount of abrasion or  erosion of the surface. I t  i s  expected t h a t  the contami- 
nation will  be t i gh t ly  bonded to  the surface or  trapped i n  surface porosity 

o r  cracks, and would be largely unmoved by the usual s t r e e t  vacuum sweeper. 

However, there i s  hard wire-brush-street-sweeping equipment which can 
remove a limited portion of  the surface layer. For contamination trapped i n  

deeper pores or cracks, road planers may be useful. These abrade the surface 

w i t h  hardened s tee l  b i t s  and may be adjusted t o  remove the surface to  a depth 

ranging from a few m i  11 imeters to  several centimeters. 

With appropriate modifications, these machines should produce the l eas t  

volume of waste and i n  a simple form--a freeflowing powder. 

Use of high-pressure water j e t s  f o r  cut t ing rock and concrete i s  a 
proven techno1 ogy. They would be advantageous fo r  concrete surface removal 

in tha t  there a re  no b i t s  to  replace. Unfortunately, there i s  no commercial 

waterjet  equipment developed f o r  continuous removal of broad surface areas.  

Existing equipment i s  single-nozzle, semiportable equipment fo r  cut t ing small 



areas. Equipment could be developed fo r  road surface decontamination, b u t  i t  
would require a major e f fo r t .  

The addition of large amounts of water to  the waste would complicate 
spoil removal. The water would make much more d i f f i c u l t  the design and 
operation of the a i r  f i l t e r s  required on equipment fo r  continuous vacuuming 
of the cutting area. 

WIRE-BRUSHING OF CONCRETE ROADS 

The commercial equipment available i s  simply a s t r e e t  sweeper equipped 
with hard steel-wire brushes. These machines usual l y  have two vertical-axis 
gut ter  brooms and one horizontal axis main broom, plus a conveyor tha t  loads 

the f ines  in to  a box, the contents of which can be dumped into a truck. They 
a re  shown in Figures 1 and 2, one i s  manufactured by Athey Products in Wake 
Forest, North Carolina, and the other by FMC, Pomona, California. 

By exerting su f f i c i en t  pressure downwards on the brooms and l e t t i n g  them 

ro ta te  a t  high speed, an abrasive action i s  exerted on the pavement. I t  

changes color, and the hollows in the surface a re  swept clean. 

Ex how much surface layer thickness i s  removed i s  not known. Tests 
w i t h  ch s identical t o  the fa l l -out  should be performed to  check t o  what 
measure they a re  removed. 

Table 1 gives the costs fo r  the two s t r e e t  sweepers considered. The 
2 2 cost per square meter is $0.004--i .e. ,  $4,00O/km ($11,00O/mi 1. We have 

assumed 10 years l i fe t ime and 1200 working hours per year as representative 
of t h i s  kind of equipment. 

CUTTING OF CONCRETE ROADS WITH COLD PLANERS 

The road construction industry provides machines to  cut away concrete 

surface layers w i t h  hard b i t s .  

We have taken from each of three major manufacturers (Dresser in Gal i m ,  
I Ohio, CMI in Oklahoma City, Barber-Greene in Aurora, I l l i n o i s )  a l i gh t  model, 



FIGURE 1. Athey Mobilsweeper 



FIGURE 2. FMC Mechanical Sweeper 



TABLE 1. Performance and Cost o f  Wire  Brushing Equipment 

Sweeping Sweeping Area P e r  Purchase Cost Cost P e r  
:4anufacturer Width Speed U n i t  Time Crew P r i c e  lkrnership Maintenance Labor Tota l  U n i t  Area 

and Model ( m )  ( m / h )  (m2/h) Size ( k $ )  ($ /h )  (B/h)  ($ /h)  (B/h) (b/m2) 

Athey 
Mob.il swe2per I 1  3.048 2475 7543 1 4 8 7.5 6 18 31.5 0.0042 

FMC Mechanical 
Sweeper 12 3.25 2475 8044 1 60 9 6 18 3 3 0.0041 



a middle model and a heavy model to  compare them in terms of performance and 
cost.  These models a re  shown in Figures 3 through 10. 

As cutting depths we have taken 6 mm, 12 mm and 25 mn. I t  i s  estimated 
tha t  a l l  chemical contamination i s  contained in the f i r s t  6 mm. Irregulari-  

t i e s  of level in the road surface a re  usually l e s s  than 25 mm. 

I t  i s  estimated by CMI tha t  the cutting speed can be 15 meters per 

minute for  a cut of 6 mm, 12 m / m i n  for  12 mm, and 6 rn/min fo r  25 mn i n  average 
concrete. 

For the purpose of our calculations,  i t  seems reasonable to  assign the 

6 mm cutting depth to  the l igh t  model, the 12 mn to  the middle one and the 25 
mm t o  the heavier one. 

The duty fac tor  of such machines has been assumed to be 600 hrs/yr. 

There seems to  be a consensus in the industry tha t  t h i s  i s  a nationwide 

average, due to  the working conditions, assignments, weather, e tc .  Cost 
calculations are  generally made on such a basis. 

Lifetimes of most road planers a re  given as 5 years (CMI, Barber-Greene). 
Dresser suggests 10 years f o r  i t s  Galion models. 

Each manufacturer has i t s  own way of making cost calculations.  We have 

used the ownership costs ,  the operating costs ,  and the labor costs as given 

by each manufacturer without modification, in order to  be able to.make 
compari sons. 

The maintenance costs usually do not include the replacement of the 

cutting bits because the wear of this item i s  so much dependent on the 
hardness of the concrete to  be cut. We asked the various manufacturers to.  
recommend methods of calculation f o r  t h i s  cost item and got d i f fe rent  answers. 

Dresser indicated tha t  i t s  f igures are based on the replacement of the 
b i t s  every 8 hours. 

CMI referred us to a manufacturer of b i t s  (Kennametals in Bedford, 

Pennsylvania), who suggested 5000 to  6000 square meters as the area a f t e r  

which the who1 e s e t  of b i t s  has to  be changed on the mandrel. 


































































































































































































































































