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1. EXECUTIVE SUMMARY

The objective of this work was to develop a range of cement—based
blended dry solids which, when mixed with variable phosphate/sulfate
waste (PSW), produce grouts that are proceesible in the Rockwell Hanford
Operations (RHO) Transportable Grout Facility (TGF).! The selected
formula(s) will also (1) utilize commercially available materials
requiring no custom processing and (2) meet all criteria as identified
and quantified by RHO, not only for grouts made with the reference
formula, but also for those grouts made with reasonable deviations from
the reference formula expected during routine TGF operation. This
development study was segmented into two phases: (1) preliminary
formulation work, performed in FY 1986; and (2) final formulation work,
performed in FY 1987.

This report presents experimental data for processibility and solid
performance as well as graphical representations of the data. Based upon
the results of the preliminary study, several grout formulas were found
that produced acceptable grouts. One such formula, composed of Type III
Portland cement (50 wt %), class F fly ash (28 wt %), Attapulgite~150 clay
(14 wt %), and Indian Red pottery clay (IRPC) (8 wt %), produced
acceptable grouts with several of the waste concentrations studied. When
mixed with 100% sulfate waste, this blend produced acceptable grouts at
mix ratios of 8, 8.5, and 9 1b/gial. This particular blend also produced
acceptable grouts at waste concentrations of 25/75 and 75/25 PSW. At a
concentration of 50/50 PSW, the amount of cement was lowered to 45 wt %,
fly ash was raised to 33 wt %, and the two clay contents remained
constant. This blend produced acceptable grouts at mix ratios of 7 and
8 1b/gal for this waste concentration. This blend also produced
acceptable grouts using the same mix ratios for a waste concentration
of 75/25 PSW.

The results of the preliminary study were analyzed and then
incorporated into the final formulation design. The purpose of this final
design was to develop a reference formula(s) that would produce an
acceptable grout for varying waste compositions even when deviations in

the dry-solids blend and/or mix ratio occurred during plant operation.



Two formulas were developed: one for use with 100% sulfate waste and one
for use with either 100% sulfate waste or 35/65 PSW. The first formula
consists of 47 wt 7 Type III cement, 30 wt % class F fly ash, 8 wt %
IRPC, and 15 wt % Attapulgite~150 clay. The second formula, developed
for use with both waste concentrations, contains 42.5 wt % Type III
cement, 35.5 wt % class F fly ash, 8 wt % IRPC, 14 wt % Attapulgite-150
clay, and ! wt % aluminum phosphate (A1PO,). Currently, Rockwell does
not have the facilities to add AlPO,, which 1s a solid, to the waste feed
tank. The capability for adding AlPO, must be acquired if it 1is to be
used. Although the Dry Materials Receiving and Handling Facility (DMRHF)
was tested with Type 1,11 Portland cement, the use of Type III cement
should present no problem. Both reference formulas are to be used at a
mix ratio of 8.5 1lb/gal. Data to support compliance with performance
criteria are presented in this report.

Since completion of the original work discussed in this report, che
concentrations of the waste stream have changed. It appears that an 80/20
PSW will be grouted initially in the TGF. Based on data obtained in this
development work, it appears that a grout formula consisting of 40 wt %
Type ITI cement, 38 wt % class F fly ash, 8 wt % IRPC, and 14 wt %
Attapulgite-150 clay may be used. This is based on data from experiments
using 25/75 PSW, and no variability in the dry-blend components has been
studied. The optimum mix ratio should be 7.5 1b/gal. However, it is
recommended that a more detailed experimental design be undertaken before
using this formula.

The reference formulas presented in this report produce grouts that
are processible and envirommentally safe. This study demonstrates the

versatility of grout as a means of waste disposal.

2., INTRODUCTION

The initial waste stream to be processed by the Transportable Grout
Facility (TGF) is a two-component stream generated by UNC Nuclear
Industries in the 100 N area. The stream will be a mixture of 100 N reactor
decontamination waste (phosphate) and 100 N fuel basin ion exchange

regeneration waste (sulfate and sand filter sludge). Earlier formulation



development was based on a stream that was 50% sulfate waste and 50%
phosphate waste (Milestone 140). The uncertainty surrounding the schedule
for 100 N reactor decontamination, the amount of waste generated during a
decontamination, and the availability of clean double-~wall storage tanks
necessitated that additional formulation development work be undertaken.
This document describes experimental formulation work that bounded all
expected waste compositions. The bounds for waste composition are 0% to
75% phosphate. These parameters were determined by analyzing the volume
of the waste generated and double-wall tank logistics. These bounds were
also used to develop an experimental design such that process variahles as
well as response variables could be studied.

All development work presented 7~ this report is based on waste
stream concentrations anticipated at the time this work was undertaken.
Development work focused on the sulfate-rich waste stream, because large
volumes of decontamination waste from the 100 N reactor (phosphate) were
not anticipated. Since completion of this formulation development work,
events have occurred that necessitate initial grouting of an 80/20 PSW
stream. As such, recommendation of a grout formula for use with 80/20

PSW is based on a small quantity of data.

3. EXPERIMENTAL METHODOLOGY

This formulation study involved experimentation to clarify 1if the
previously recommended grout formula [(ORNL) Milestone 140] for
phosphate/sulfate Hanford Facilities Waste (HFW) would still meet
performance criteria when mixed with the variable PSW. Several parameters
needed to be varied so that the bounds would encompass all anticipated
variations. One parameter of importance is the variation in phosphate
concentration. The inverse is that the concentration of sulfate is also
varied. The sulfate concentration is addressed, since sulfate is a known
get retarder for cement and the waste stream was expected to be
sulfate rich. To accommodate waste variations, it 1s necessary to
develop a grout formula(s) that will be processible and meet all other
criteria over the expected range of waste variation. The following

parameters and thelr bounds were used for preliminary formulation work:



sulfate waste stream concentration 25-100 vol 7
mix ratio 7-9 1b/gal
dry-solids blend components *5 to = 20%

These ranges are based on evaluation of previous data (Milestone 140) and
were derived using an algorithm for extreme vertices design.2 The
preliminary design generated extreme vertices by forming two small groups
of points. These points bounded the parameters of interest and generated
candidate points of interest.

The results of the scouting study generataed variable effects and were
used a5 a guide toward final formulation. The design for final
formulation was such that the reference formula was subjected to at least
a 5% variation in variables. Data to support compliance with the

criteria are supplied.

4. PERFORMANCE CHARACTERISTICS FOR AN ACCEPTABLE GROUT

A successful grout formulation for variable PSW is defined as one
that meets all formulation characteristics as outlined below.
1. Waste loadings will be optimized, with minimum waste disposal
volume increases.
2. Commercially available materials will be utilized, requiring
little or no custom processing,
3. The grout will achieve turbulent flow at pumping rates <60 gpm.
4., Defined criteria will be met, not only by grouts made with the
reference formula, but also by those grouts made with
reasonable deviations from the recommended reference formula
expected during routine TGF operation.
Specific criteria have been developed and revised to reflect changes
in both regulatory and processing issues.3 At the time of this
development study, the following criteria were applicable:

6 No more than four dry-blend components can be used.
® The reference formula must be able to pass all criteria
for a 5% relative variation for all dry-blend materials.

® Reference formula mix ratio must be <8.5 1b/gal.



® Reference formula must be able to pass all criteria for a
*0.5 1b/gal variation in mix ratio.

® No more than three additives can be used in the reference
formula.

® Maximum additive flow rate must be <0.5 gal/min.

® Frictional pressure drop must be <11.2 psi/100 ft of 2-in.
schedule 40 pipe.

® The grout must be able to achieve turbulent flow at rates <60
gal/min.

® Maximum 10-min gel strength <100 1bg/100 ftz.

® Compressive strength »60 psi using ASTM Test C109-80.

® Drainable liquid volume must be <5 vol % after 28 d in a
closed laboratory test vessel.

® ANS 16.1 Leachability Index 26 {or selected radionuclides.

Data to support compliance with these criteria are presented in this

report.

4.1 CRITERIA FOR MATERIALS USED IN GROUT DEVELOPMENT

The target objectives of these criteria were waste (solids and
liquids) loading 250 wt % and volume increases (over the original waste)
<30 vol %Z. 1In order to achleve a waste loading »5VU wt %, the mix ratio
(dry~solids blend to waste ratio) must be maintained at less than the
density of the waste (~9 1lb/gal). However, this criterion was set to
8.5 1b/gal to accommodate the 0.5 1b/gal mix ratio variation. It is
based on the DMRHF maximum capacity of 30,000 1b/h (500 1b/min), the
Trangportable Grout Equipment (TGE) maximum design feed capacity of 55-gal
liquid waste per minute, and the desire to operate the TGF at the maximum
flow rate on a continuous basis.

The dry-solids blend-to-waste mix ratio is a key variable in the
formulation studies. Experience has shown that 1if all criteria are met at
mix ratios A and B, then all mix-blend variations between the two will
also meet all criteria. Testing of the DMRHF has shown that mix ratios
can be controlled to within #0.5 1b/gal. Consequently, the increment in
the mix ratio Qas 1 1b/gal in the initial formulation studies. Also, the



lower and upper bounds of acceptable mix ratios would need to differ from
the recommended value by 0.5 1b/gal. For example, 1f the lower and upper
bounds of acceptable mix ratios were determined to be 7 and 8 1b/gal,
respectively, then the recommended mix ratio would be 7.5 1b/gal.

It 1s realistic to expect that the blended bulk solids will not be
prepared at precisely the recommended formula in plant operations. The
recommended reference formula will be such that a £5% relative variation
in the dry-solids blend components can be tolerated. This capability has
been demonstrated during testing of the DMRHF. With these deviations in
dry-blend composition, an acceptable grout formula will continue to meet

all other performance criteria.

4.1.1 Dry-Blend Components

Processing criteria state that no more than four dry materials can be
used in the dry blend. These components consist of Portland cement, ASTM
class F fly ash, Attapulgite~150 drilling clay, and IRPC. A small
quantity (1 wt %) of aluminum phosphate is added to the waste to reduce
the amount of drainable water on the grout surface after 28 dj The
dry-blend components chosen are readily and commercially available.

An acceptable grout must have certain physical properties that meet
or exceed performance criteria. These physical properties of the hardened
and the wet grout are partially determined by the amount of cement in the
blend. The amount of cement used is typically described in the waste~to-
cement ratio (wg/c). 1In general, a wg/c of only 0.25 is required for
complete hydration of Portland cement, with additional water serving to
fluidize the mix and thus making it more readily processible. The cement
serves as a binder, solidifying materials during the formation of
hydration products within the waste form. This hydration occurs over a
period of time and produces a solid matrix of material.

Although several types of Portland cement are available, only Types
I,IXI and III were chosen for use in this study. Type III cement
ultimately was chosen for use with PSW because the amount of drainable
liquid was reduced when it was used. This cement should present no

processing problems in the DMRHF.



The IRPC is added solely as an ion—exchange medium primarily to retain
137Ccg. wWith an exchange capacity of 0.1 meq !37Cs per gram of clay,
little clay should be needed.®*5»7 However, experience at the ORNL
facility has shown that the pottery clay content of the dry-solids blend
needs to be 8 wt % to ensure intimate contact with the 137Cs. 1In
addition, minor variations (*5%) in the pottery clay content have been
shown to have a negligible impact on the grout's rheological properties.

Fly ash is a cement extender, and its use should be maximized due tc
its low cost. The addition of fly ash also improves the fluid properties
of the grout and the adsorption of water. The use of fly ash also
decreases the leachability of strontium by incorporating it into the
cementitious matrix.

Attapulgite—150 is added primarily to reduce drainable water from the
product. However, previous ORNL grout development experience has shown
that when present at or above 0.7 1b/gal of water (waste), 1t also appears
to reduce the leachability of the product. Consequently, PSW formulation
development studies attempted to maintain the Attapulgite-150 content at
or above this value. Attagel, a tradename for Attapulgite~150, was used 1in

this study.

4,1.2 Additives

Tributyl phosphate (TBP) is added to the waste before the addition of
the dry-solids blend. The TBP, a defoaming agent which helps reduce the
entrainment of air in the grout during mixing, was added at 0.04 vol 7% of
the liquid waste. This is a maximum flow rate of 0.2 gal/min, which is
less than the criterion of 0.5 gal/min.

Aluminum phosphate is added to the waste before the addition of the
dry-solids blend. 1Its role 1s to reduce the amount of drainable water by
promoting hydration. This results in the crystalline fibers growing more
dense and possibly longer, thus reducing the permeability of the grout.
This effect should be beneficial in the retention of hazardous waste
constituents and radionuclides. The TGF does not currently have the
capability to add the aluminum phosphate to the waste. It is recommended
that the capability be acquired if this additive is to be used.



4.2 PROCESSING CRITERIA BASED ON TGE CAPABILITIES

The following criteria are based upon RHC performance criteria with
reference to the capabilities of the TGE.!

1. The TGF 1is designed to operate at a nominal capacity of 50 gpm

but will be capable of operating at rates <70 gpm.

2. The grout distribution pump will be capable of supplying a

continuous output pressure of 350 psi.

3. The grout will be pumpable through 3000 ft of 2-1in.-ID

distribution pipe.

4, The maximum pressure available to overcome gel strength is

limited to 500 psi.

In order to comply with the first three criteria, the grout's
rheological properties must be tailored to result in a pressure drop of
<335 psi through 3000 ft of 2-in.-ID pipe at a nominal flow rate of
50 gpm. The grout's compliance is determined by applying the following
series of equations.“ The first equation is the power-law model of the

relationship between shear stress and shear rate:

Sg = K'(S)n', (1)
where
Sg = shear stregs for non-Newtonian fluids, lbf/ftz,
K' = fluid consistency index, lbg s“'/ftz,
Sy = shear rate, s71,
n' = flow behavior index (0<n'<1.0), dimensionless.

From Eq. (1), the viscosity in the laminar flow regime can be calculated
by

u = 47880 K'(Sp)0'1, (2)

where

g = viscosity in the laminar flow regime, cP.

The Reynolds number is then calculated by

_1.86 v{Zn"), |
K'(96/d{)""

NRe (3)



where
Npe = Reynolds number, dimensionless,
V = fluid velocity, ft/s (5.1 ft/s at RHO design conditions nominal
pumping rate of 50 gpi+),
dy = inside pipe diam, in. (2.067 in. at RHO design conditions),
p = fluid density, 1b/gal.

From Eq. (3), frictional pressure drop can then be calculated:

_0.039 L p V2f,

AP¢ (4)
dy
where
AP¢ = frictional pressure drop through a straight pipe, psi
(1imited to <335 psi at RHO design conditionms),
L = pipe length, ft (3000 ft at RHO design conditions),
f = fanning friction factor, dimensionless (f is a function of

Reynolds number; 0.008 was used in this study).

In order to demonstrate compliance with the fourth criterion, the
pump head pressure necessary to overcome the gel strength of a grout
which has been static for 10 min in the distributfon pipe is
calculated by:

G‘Aw
T (1.44 x 1C)A,

Py i (5)

where
Pp = pump head pressure, psi (limited to <500 psi at RHO design
conditions),
G = 10-min gel strength, 1bs/100 ft2,

Ay = pipe inside surface area, in.2,

>
[

p = inside pipe cross—-sectional area, in.2 (3.35 in.2),.
These calculations were performed assuming a pipe diameter of 2.067-in. ID
and a length of 3000 ft. Thus, an acceptable grout would be tailored to
result in

G < 100 1bg/100 ft2, (6)
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Turbulent flow 1is necessary to minimize stagnant volumes in the pipe
that can eventually lead to excessive pressure buildups. This criterion is
intended to minimize this problem, and therefore the grout must cobtain a
Reynolds number »2100 in the TGF distribution pipe at a pump rate <60 gpm.
Turbulent flow must be achieved by the grout in the TGF so that 1its
performance is not hindered. The critical flow rate of each grout, as
calculated, will determine whether or not this criterion is met. The
equation for calculating critical flow rate is obtained by rearrangement
of Eq. (3) and setting Ng, = 2100. This value of Reynolds number is

generally accepted as the transition point from laminar to turbulent flow.

4.2.1 Determination of Grout Physical Properties

Dry solids are blended in 5~kg lots for 23 h at 30 rpm in a 7.6-L
Patterson—~Kelly twin shell V-blender prior to grout preparation. Mixing
of the dry-solids blend and simulated waste is performed in a Hobart model
N-50 mixer with a wire loop whip mixer blade. Mixing is accomplished by
adding solids to liquid during an 8 to 15-s interval while stirring at low
speed for a total of 30 s, Mixing is then continued at medium speed an
additional 30 s for a total mixing time of 60 s. The following
measurements and/or calculations are then performed to determine whether

process criteria are met.

4,2.1.1 Rheological Measurements

Rheological measurements are made using a standard oil well
cement-slurry method with a Model 35A/SR~12 Fann viscometer. Shear stress
readings are taken as a function of shear rate, going from high to low
shear rates.

Readings in 1bg/100 ft? are taken in 12 steps ranging from 600 rpm to
0.9 rpm. The RPMs are converted to reciprocal seconds (the standard shear
rate unit) by multiplying by an instrument conversion factor. Shear
stress readings from 51 to 100 s™! are used to determine the flow
parameters, fluld consistency index (K') and flow behavior index (n'),
which, with density, are required for flow calculations. The method
of data reduction 1is described in ORNL Milestone 30 and is based on the

Ostwald-de Waele model, more commonly referred to as the power—law model.“
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Using the same measurement technique, the 10-min gel strength is
determined as the maximum deflection of the dial (in 1bs/1NG ft2) at 3 rpm

after the grout has been allowed to remain static for 10 min.

4,2.1.2 Flow Consistency Index, K', and Flow Behavior Index, n'

For non-Newtonlan grouts, shear stress is dependent on shear rate and

1s represented by the power-law model,

log Sg = log K' + n'log S, , (7)
where
Sg = shear stress, lbg/ft?,
1
K' = fluid consistency index, 1lbg * s /ft-,
Sy = shear rate, s !,
n' = flow behavior index (0<n*<1.0), dimen=ionless.

Values of n' and K' are determined from the power—law model for a given
set of data on viscometer shear stress vs shear rate. The values were then
used in the calculation of Reynolds numbers and in the calculation of con-

ditions for turbulent flow of the g.vuts.

4.2.1.3 Density

The density of each freshly mixed grout was directly measured in

1b/gal at room temperature using a Baroid mud balance.

4,2.1.4 Apparent Viscosity

Viscosity in a non-Newtcnian grout varies with shear rate. The
apparent viscosity in these tests was measured at 511 s~! (300 rpm on
the Fann viscometer), which is a common practice.“* The viscosity of the

grout can be calculated using Eq. (2).

4,2.1.5 Gel Strength (10 min)

The 10~-min gel strength is a measure of the force required to restart
the flow of grout in a pipe after the flow has been stopped for 10 min.
The measurement 1s made in the Fann viscometer with the same grout sample
that was used for the other rheological measurements. The grout is

allowed to stand in the viscometer for 10 min without stirring, after
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which the instrument 18 turned on with the shear rate set at :>.0 rpm. The
10-min gel strength in 1bg/100 ft2 is read directly from the viscometer as

the maximum deflection on the she r stress scale.

4.3 CRITERIA BASED ON REGULATORY ISSUES

The majority of criteria based on regulatory issues are derived from
10CFR61,.56, "Waste Characteristics,” and are Intended to ensure the
stability, of the solid waste form. The assumption is made that the waste
form will not exhibit any of the criteria listed in 10CFR61.56(a)
(i.e., pyrophoric, expleosive, reactive with water). This assumption may

have to be proven at a later date.

4.3.1 Unconfined Compressive Strength

The compressive strength measurement procedure is representative of
the procedures set forth in ASTM C109-&0., This procedure uses 2~1in, cubes,
which is consistent with the methods v-2d in this study. Using ASTM
Cl1C9-80 meant that the compressive strength criterion had to be raised to
>60 ps1 after 28 4. The use of cylindrical samples, as required in ASTM
C39-81, is not only more expensive but consistontly gave values that are
20% lowér than the values obtained using ASTM C109-80. Therefore, tiils
criterion vas adjueted to 360 psi. Compressive strength is measured using
a Model 60,000 Svper "L” Tinius Olsen Testing Machine.

4.,3.2 Drainabie Water

Drainable water refers to a separate liquid or water phase that
collects at the top of freshly mixed grout. The volume of drainable
1iquid or water 1is usually found to increase for a short period of time
after the grout is mixed, about 1 d, and then to decreage with further cure
time. The increase during the first day is essentially a sedimentation
phenomenon caused by the solids settling in the plastic mass. The
decreagse with further cure time is believed to be due to hydration and/or
water adsorption in the grout pore structure.

The standard recommended test for determination of drainable water is
the American Nuclear Soclety (ANS) 55.1 test. This procedure had to be
modified for laboratory work, since it required the use of a 55-gal drum,

which was obviously not suitable for this experimental study. The
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drainable water was thus determined by pouring fresh grout into a 0.5L
calibrated plastic container, sealing the container, and allowing the
grout to remain stationary for 28 d. Data were taken at specific time
intervals, as reported later in this report. Percent drainable water was
determined as 100 x volume of water/original grout volume. Attainment of
<5% drainable water in 28 d was defined to be necessary for a grout to

meet performance criteria.

4.3.3 Leachability Index

The leachability index was determined for the reference formula for
50/50 HFW (Milestone 140). The American Nuclear Society (ANS) 16.1 and
the EP-Toxicity tests were performed; the results are presented later in
this report. The EP-Toxicity test was also performed on the reference

formula and the results presented in Appendix L.

4.3.4 Noncriteria Test

The penetration resistance of the grout sample, which is determined
as a function of time, is routinely measured and recorded. The
measurement of penetration resistance is a modification of ASTM C403-80
and is done using an Acme Penetrometer, Model CT-426. Fresh grout is
poured into ’-in.-ID circular molds and allowed to cure. Measuremeuts
are taken at specific time intervals and give an indication of the
grout's set time, This test 1s not a requirement, and, therefore, the
ASTM procedure was modified sn as to facilitate laboratory measurement and

minimize equipment and material costs.
5. DEVELOPMENT STUNIES AND RESULTS
This section describes the methdology used in development of grouts

to be used with variable PSW. The rationale for each step, along with the

results, 1s discussed.
5.1 REFERENCE FOFPMULAS USED IN DEVELOPMENT WORK

Milestone 140 describes a reference blend to be used in the disposal
of 50/50 phosphate/sulfate HFW. Since it is optimal to use fewer formulas

in the TGF (less unused raw materials, infrequent cleaning of storage
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silos, etc.), the use of a previously defined reference formula is
naturally the starting point for further development work. The same logic
is applied for testing of the reference formula for disposal of

neutralized cladding-removal waste (NCRW).®

5.1.1 Reference Formula for 50/50 HFW

The reference blend for 50/50 HFW (Blend V1), as well as a variation
of it (Blend V3), was tested. Both blends produced grouts with acceptable
properties, except for drainable water. The waste used for both blends was
100% sulfate, which represents a worst—case scenario. Sulfate is a known
set retarder and can cause expansive damage due to the excessive formation
of ettringite.? The amount of drainable water was significantly reduced
when Type II1 Portlanc cement was used. A larger Blaine fineness and
higher amounts of ferric oxide could account for the decrease in
drainable water. Sources in the literature® tend to point to this
phenomenon. Since all other grout properties were acceptable within
specified limits, the drainable water criterion was the focus of the next
experimental series. Table 1 presents the different variations as well as

the reference blend used in this initial experimental series.

Table 1. Exploratory studies

Amount (wt %) by blend No.

Material vl V2 V3 V4 V5 V6 v7 Ve

Cement, 418 41 502 50 50 50 41 40
Type III

Fly ash, 40 40 31 31 28 42 27 52
class F

Attapulgite 11 11 11 11 14 - 14 -

IRPCD 8 8 8 8 8 8 8 8

8Type I,1I cement.
bIRPC = Indian Red Pottery clay.
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5.1.2 Reference Formula for NCRW

Table 2 presents the various blends used in the next experimental
series. As evident from the table, the NCRW blends with the highest
cement content were primarily used. As in the previous series, the waste
used was 1007 sulfate, All of the grouts produced had acceptable
properties, with the exception of drainable water.

As with the previous series of experiments, the drainable water
appeared to be the most difficult criterion for formulation studies. 1t
is evident that the use of Type III Portland cement significantly reduces
the amount of drainable water. There are several possible reasons for
this effect, such as Blaine fineness, alumina ratio, and the amount of
tricalcium aluminate present in the different types of cement.!0 1t 1s
beyond the scope of this report to investigate these areas.

The data for both serles of experiments are contained in Appendix A.
Plots of the various responses as a function of mix ratio are contained in
Appendixes B, C, and D for 50/50 HFW reference formula, Type III Portland

cement, and NCRW reference formula, respectively.

Table 2. NCRW reference blends

Amount (wt %) by blend No.

Material 40 41 42 43
Cement, Type ITI 45 47.5 47.5 47.5
Fly ash, class F 35 32.5 32.5 32.5
IRPC23 6 10 8 6
Hydrated lime 14 10 12 14

4IRPC = Indian Red Pottery clay.

5.2 PRELIMINARY EXPERIMENTAL DESIGN USING TYPE III CEMENT
As discussed In the previous section, the use of Type III cement in
grout formulation significantly reduces the amount of drainable water. An

experimental design was implemented to study the effects of dry-solids
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blend variations, mix ratio, and sulfate concentration. The study,
detailed in Table 3, was designed in such a way that credible 1limits on
each of the variables were encompassed. The dry-solids blend components
were varied from a minimum of 11% for cement to a maximum of 25% for
IRPC (relative %). The waste concentration was varied from 100% sulfate

waste to a minimum of 25/75 phosphate/sulfate. Mix ratios studied were
7, 8, and 9 1b/gal.

Table 3. Dry—-solids blend variations for variable
phosphate/sulfate waste (pSw)a,b

Amount (wt Z) by blend No.

Material 1 2 3 4 5 6 7 8 9
Cement, Type IIL 40 40 40 45 45 45 50 50 50
Fly ash, class F 38 38 38 33 33 33 28 28 28
Attapulgite 16 14 12 16 14 12 16 14 12
IRPCC 6 8 10 6 8 10 6 8 10

aMix ratios studled: 7, B, 9 1b/gal.

bpsW concentrations studied (vol %): 0/100, 25/75,
50/50, and 75/25.
CIRPC = Indian Red Pottery clay.

5.3 PREPARATION OF SIMULATED WASTE

The simulated waste used in all experiments was prepared according to

the following recipe:ll

® Prepare separate batches of phosphate and sulfate waste

~ Preparation of simulated phosphate waste (l-L basis)
280 mL distilled water
25,5 mlL Turco 4521A~17 (without inhibitor)
0.12 g diethylthiourea
19 M NaOH solution until pH = 12,0 0.1

Balance is distilled water
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~ Preparation of simulated sulfate waste (1 L-~basis)
4,5 g NaySOy
19 M NaOH solution until pH = 12.0 #0.1
Balance is distilled water

® Mix them in correct volumes to obtain the required mixture

5.4 TEST RESULTS AND ANALYSIS

This section summarizes the results obtained from the experiment
discussed in Sect. 5.2. All data for these experiments are contained in
Appendix E. Appendix F contains plots of responses studled as a function

of mix ratio for the various blends.

5.4.1 Summary of Acceptable Grouts

An acceptable grout 1s defined as one that passes all performance
criteria as described in Sect. 4. At the time of this work, the drainable
water criterion was under evaluation to raise the standard to <5 vol %
from 0 vol %, The assumption was made that this would be the case and was
subsequently applied during this study. During the final formulation
work, the drainable water criterion was raised to <5 vol %. Attagel, a
trade name for Attapulgite—150 clay, was used for this study and is
included 1n the legends for all figures and graphs.

5.4.1.1 Acceptable Grouts Using 1007 Sulfate Waste

The use of 100% sulfate waste has previogly been described as a
worst—case scenario. Naturally, discussion of acceptability should begin
with this aspect of the experimental design. As with all grouts, the
measure of acceptability is based on adherence to the periormance
criterion. The compressive strength criterion was passed by all grouts
produced during the scouting studies and the experimental design. Since
this criterion presented no problem to formulation, further discussion is
restricted. The data for this criterion are presented in Appendix A. It
should be pointed out that only grouts that pass all criteria are
discussed in this section.

Based on the constraints of the TGE, the next criteria of concern
would be the fluid properties of the grouts, such as the critical flow

rate, 10-min gel strength, and frictional pressure drop. These criteria
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will be discussed in relationship to the effect that variations in the
dry-solids blend components have on them,

Factors affecting critical flow rate

The first of thece criteria, critical fi-w ratz, 1s the rate at which
the grout must be pumped to achieve turbulent tlow. Figure 1 illustrates
the effect each dry-solids liend component has on the critical flow
rate. The amount of each dry—solids blend component is given in pounds of
material/gallon of waste. This designation takes into account both the
mix ratio and the wt 7% of each component in the blend. Figure 1l is used
primarily as a tool to qualitatively describe the response.

As can be seen from the graph in Fig. 1, each blend component affects
the response in varying degrees and direction. Generally, increasing the
amount of cement or attapulgite results in an increase in the critical
flow rate. The cement appears to have the more pronounced effect. The
amount of fly ash has just the opposite effect. The critical flow rate
tends to Increasc as the amount of fly ash decresses. This response
is consistent with the fact that fly ash can improve the fluidity of the
grout. The addition of IRPC appears to have the least effect on critical
flow rate.

Viscosity should also be discussed in this section even though there
is no performance criterion pertaining to it. However, the critical flow
rate is dependent on this parameter, and, therefore, a brief description of
the effects of component variation on viscosity is given. Since critical
flow rate is directly proportional to the viscosity, the same general
trends should be present. The same effects were seen as a result of
component variation. Figure 2 depicts the same general trends as could be
seen in Fig. 1.

Factors affecting 10-min gel strength

The 10-min gel strength is a measure of the force necessary to
restart grout flow after a stagnant period of time. The majority of
grouts produced during this experimental design passed this criterion. As
can be seen in Fig. 3, the principal controlling component appears to be
the cement. Increasing the amount of cement generally increases the

10~min gel strength. This would be expected, since the cement is
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undergoing hydration during this time. The other three components appear
to have only a slight effect on this particular response. Both fly ash
and Attapulgite content appear to have a slight Inverse effect on the
10~min gel strength.

Factors affecting drainable water

The drainable water criterion was the most troublesome standard for
this development study. As mentioned earlier, the assumption was Eade
that the criterion will be raised to accommodate some free~standing
liquid on the monolith's surface after the curing period. Using this
assumption, Fig. &4 presents data from grouts that would pass this
~riterion. It appears that there are two controlling components for this
response, cement and fly ash. However, their effects are in opposing
directions. An increase in cement content appears to decrease the amount
of drainable water, whereas an increase in fly ash content appears to
increase the amount of drainable water. Decreasing the amount of
Attapulgite has a slight effect on increasing the amount of drainable
water. The IRPC appears to have an Insignificant effect on the drainable
water. These trends are general in nature and were investigated further

in the final development work.

5.4.1.2 Acceptable Grouts Using 25% Phosphate/75% Sulfate Waste

Previous work at ORNL (Milestone 140) has defined parameters for
grouting 50/50 sulfate/phosphate HFW. The reference formula for 50/50
sulfate/phosphate HFW was initially tested for use with 100% sulfate
waste and found to be unacceptable due to excessive drainable water.
Although the experimental design encompassed a wide variation in waste
composition (Table 3), this section discusses in detail only grouts made
with either 100% sulfate waste or 25% phosphate/75% sulfate waste. These
ranges appeared to be the more credible for actual grouting. In the final
formulation design, these ranges were subsequently changed, using
concentrations that were based on Iinformation from RHO.

Factors affecting critical flow rate

Figure 5 depicts acceptable results from this experimental design.
As can be readily seen, there are fewer acceptable grouts, and therefore,

only very general trends appear. The amounts of cement and fly ash
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appear to have the most significant effects on the critical flow rate.
These effects are basically the same as with grouts produced using 1007%
sulfate waste. An increase in cement content results in an apparent
increase in the critical flow rate, while a decrease in fly ash results in
an apparent increase in the critical flow rate. The two clays used,
Attapulgite and IRPC, appear to impact the critical flow rate to a lesser
degree.

The same general trends are evident when viscosity 1s studied. These
trends, illustrated in Fig. 6, are similar to the ones for critical flow
rate and follow the same pattern as grouts produced using 100% sulfate
waste. Detalled studies of these effects were undertaken in the final
formulation work.

Factors affecting 10-min gel strength

The most pronounced factors affecting the 10-min gel strength are
the cement and fly ash contents. As was seen with grouts produced using
100% sulfate waste, an increase in cement content and a decrease in fly
ash content results in an increase in the 10~min gel strength, as
11lustrated in Fig. 7, These effects appear to be more significant than
the ones seen with the 100% sulfate grouts. The Attapulgite and IRPC
content appear to have very minimal effects on the 10-min gel strength,
It should be noted that very few grouts produced during the entire
experimental design failed this criterion.

Factors affecting drainable water

For this block of experiments, few grouts passed the drainable water
criterion. However, the data were plotted and are shown in Fig. 8. Since
so few data polints are used, any trends are very general. The same basic
trends are evident: decreasing the cement content and increasing the fly
ash content result in an increase in the amount of drainable water.

Lesser effects are seen for varying the amount of IRPC and Attapulgite,
No acceptable grouts were produced using 75% sulfate/25% phosphate waste
that had 0 vol % drainable water. This problem area was investigated in
detail during final formulation work.,

5.4.,2 Effect of Sulfate Concentration

The sulfate concentration in the waste stream has a measurable effect

on all the responses. Blend No. 7 from the experimental design was chosen
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to 1llustrate the effects of sulfate concentration. Figures 9 and 10 show
that as the sulfate concentration decreases, the corresponding parameters,
critical flow rate and compressive strength, respectively, increase.

This effect was the same for all mix ratios studied. The two other
responses, l0-min gel strength and drainable water (Figs. 11 and 12,
respectively), were affected by the sulfate concentration but with no
discernible pattern. The causes of these anomalies were investigated
during later work. These anomalies are more prevalent at the 757
sulfate/25% phosphate range. This particular waste concentration has
consistently been troublesome during this initial formulation study. As
discussed earlier, the most difficult criterion has been the drainable
water. The largest volume of drainable water has been seen when using the

75% sulfate/25% phosphate waste.

5.5 LEACHABILITY OF GROUTS PREPARED USING 50/50 PHOSPHATE/SULFATE HFW

Grouts were prepared using a 50/50 phosphate/sulfate HFW. This waste
was prepared according to the previously described procedure, except that
all trace elements!! were added at concentrations of 100 times those
specified. After the grouts were cured for 28 d, they were taken to a
CERCLA-approved laboratory where an EP-Toxicity leach test was performed.
The test was performed in triplicate, and the results are presented in
Table 4. The grout formula used for these samples 1s the one identified
in Milestone 140. The concentrations of trace elements used are given in
Table 5., The results show that the grout samples pass the EP-Toxicity

leach test.
5.6 SUMMARY OF ACCEPTABLE GROUTS

An acceptable grout is one that passes all performance criteria.
For the development studies reported, the assumption was made that the
drainable water criterion would be relaxed to <5 vol %. Based on this
assumption, several different grout formulas are deemed acceptable. The
first of these preliminary formulas, which was developed for use with 100%
sulfate waste, is as follows: Type III Portland cement (50 wt %), class F
fly ash (28 wt %), Attapulgite clay (14 wt %), and IRPC (8 wt %). This
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Table 4. Results ‘Toxicity leach test Berformed
on & ' " reference formula?s

Results EP-Toxicity threshold National drinking
Element (mg/L) limits (mg/L) water standards (mg/L)

0.20
Barium 0.19 100 1.00
0.16

0.0030
Cadmium 0.0030 1 0.0!
0.0030

0.010
Chromium 0.010 5 0.05
0.010

0.0060
Silver 0.0060 5 0.05
0.0060

0.012
Arsenic 0.014 5 0.05
0.016

0.025
Lead 0.033 5 0.05
0.010

0.006
Selenium 0.006 1 0.01
0.008

0.0018
Mercury 0.0019 0.2 0.002
0.0023

arype I,1I cement — 41 wt %; class F fly ash — 40 wt %
Attapulgite-150 — 11 wt 7%; Indian Red Pottery clay — 8 wt 7
7.5 1b/gal.

H
3 mix ratio -

b50/50 phosphate/sulfate waste.



Table 5. Simulated waste concentration for leach study

Reference waste Simulated waste used
(g/L x 102) for leach studies (g/L)

Form Sulfate Phosphate Sulfate Phosgphate
As;04 5.3 x 107° 4.0 x 107% None 0.39993
BaCOy 5.4 x 1074 7.4 x 1079 0.05431 0.07422
Cd(NO3 )p +4H,0 1.5 x 107 6.6 x 10°° 0.01445 0.06635
Cr(NO3);*9H,0 7.3 x 1072 1.1 x 1072 0.07675 0.01107
Pb(NO3)2 1.3 x 1073 7.1 x 1073 0.01293 0.07159
Hg(NO3 )2 *H20 2.7 x 1079 9.8 x 107 0.02712 0.09884
Se0; 5.5 x 1072 4,216 x 1072 0. 05624 0. 04222
AgNO3 1.3 x 1074 1.9 x 10°° 0.01315 0.01880
CuSO0y * 4H0 1.2 x 1073 2.7 x 1074 0.01265 0.02738
Fe(NO3)3°6H,0 9.7 x 1072 1.0 0. 10056 1.0010
Fep(SO4)3 1.6 1.3 x 1071 1. 60800 0.13516
MnSOy, * 4H0 1.0 x 1072 8.7 x 1072 0.01000 0.08720
ZnSO0y * 7H0 1.7 x 1071 3.1 x 1073 0. 17004 0.03268
Ni(NO3)3*6H30 1.5 x 1071 9.2 x 1073 0.01764 0. 09315
A1(NO3)3°+9H,0 2.4 x 1072 None 0.24217 None
KNO3 2.0 x 1072 None 0. 0209 None
CaSo0y 6.8 x 1072 None 0. 06811 None
NaF 8.8 x 1072 2.6 x 1072 0. 08826 0.02622
NaCl 6.6 x 1072 3.6 x 1072 0.06615 0.03675

Ca(N03)3+4H20 None 1.3 x 1072 None 0.01536
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blend was run at mix ratios of 8, 8.5, and 9 1b/gal, with all criteria,
including drainable water (<1.8 vol %), having been met.

The same formula was acceptable for 257% phosphate/75% sulfate waste.
However, a mix ratio of 9 lb/gal was necessary to bring drainable water
levels to <5 vol %. For this waste concentration, the only acceptable
grouts produced were at 9 1b/gal, whereas, with the 100% sulfate waste,
mix ratios of 8, 8.5, and 9 1b/gal vere acceptable with this preliminary
formula. Other grout formulas were acceptable for use with 100% sulfate
waste but only at mix ratios of 8.5 and 9 1lb/gal. The data for all runs
are included in Appendix A.

The next waste concentration studied, 50/50 phosphate/sulfate, was
previously studied and a reference formula developed and reported in
Milestone 140. The preliminary formula presented here uses Type III
cement instead of the Type I,II cement used in Milestone 140. At mix
ratios of 7 and B 1b/gal, the following preliminary formula produced
acceptable grouts having <2.5 vol % drainable water: Type III Portland
cement (45 wt %), class F fly ash (33 wt %), Attapulgite clay (14 wt %),
and IRPC (8 wt %). Again, only a total of three acceptable grouts were
produced with this concentration.

The last waste concentration studied was 75/25 phosphate/sulfate.
This particular concentration had more acceptable grouts than any of the
others. Two blends produced acceptable grouts at mix ratios of 7, 8, and
9 1b/gal. All of these acceptable grouts had 0 vol % drainable water.
Blend No. 3 contained Type III Portland cement (40 wt %), class F fly ash
(38 wt %), Attapulgite clay (12 wt %), and IRPC (10 wt %). Blend No. 9,
the other acceptable blend, contained Type III Portland cement (50 wt %),
class F fly ash (28 wt %), Attapulgite clay (12 wt %), and IRPC (10%).
Several other blends passed all criteria but at fewer mix ratios. All of
the data are found in Appendix A, while Table 6 summarizes some of the

acceptable blends.

6. FINAL FORMULATION EXPERIMENTAL DESIGN

The results of the scouting studies were utilized in developing the

next series of experiments. The final formulation design was set up to
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Table 6. Summary of acceptable grouts
for preliminary work

Blend No.
Parameter V5 v7 V5 5 3 9
Cement, Type III (wt %) 50 41 50 45 40 50
Fly ash, class F (wt %) 28 37 38 33 38 28
Attapulgite (wt %) 14 14 14 14 12 12
IRPC (wt %) 8 8 8 8 10 10
Mix ratio (1b/gal) 8,8.5,9 8.5,9 9 7,8 7,8,9 7,8,9
Waste concentration 0/100 0/100 25/75 50/50 75/25 75/25

(phosphate/sulfate)

develop a grout formula(s) that could be used for all anticipated waste
concentrations expected to be processed in the TGF. Such a formula was

developed along with separate formulas specific to certaln waste stream

concentrations.
6.1 INVESTIGATION OF ALL WASTE CONCENTRATIONS

The first step was to investigate the effects of various waste
concentrations on grout performance. A series of experiments (Table 7)
was set up to study concentration effects over a range of dry-solids
blend compositions. The results of these experiments are contained in
Appendix I.

Waste concentrations of 100%Z sulfate and 75/25 phosphate/sulfate
produced the largest number of acceptable grouts over the range of
blend compositious. The drainable water criterion proved to be
the most troublescme to pass. Since the reference formula for 50/50
phosphate/sulfute waste should work on a waste concentration of 75/25

phosphate/sulfate, the decision was made to formulate for 100% sulfate

waste.
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Table 7. Initial experimental design for PSW2 formulation® ¢

Amount (wt %) by blend No.

Material 1 2 3 4 5 6 7 8 9

Cement, 40 40 40 45 45 45 50 50 50
Type III

Fly ash, 38 38 38 33 33 33 28 28 28
class F

Attapulgite-150 16 14 12 16 14 12 16 14 12

IrRPCd 6 8 10 6 8 10 6 8 10

8pSW = phosphate/sulfate waste,
bMix ratios = 7, 8, 9 1b/gal.
CPhosphate/sulfate concentration = 0/100, 25/75, 50/50, and 75/25.

dIRPC = Indian Red Pottery clay.
6.2 FORMULATION RESULTS FOR 100% SULFATE WASTE

The results of the previously discussed experimental matrix indicated

that an acceptable grout could be produced at cement contents of 45 to 50
wt Z%.

A matrix of experiments was then set up to develop a reference

formula for 100% sulfate waste. This matrix (Table 8) was performed in

Table 8. Experimental matrix for 100% sulfate waste formulationdsP

Amount (wt %) by blend No.

Material 10 11 12
Cement, 44.5 47.0 49.5
Type III
Fly ash, 34.5 30 25.5
Class F
Attapulgite~150 14 15 16
IRPCC 7 8 9

8Mix ratios = 8, 8.5, 9 lb/gal.
bPhosphate/sulfate concentration = 30/70 and 0/100.

CIRPC = Indian Red Pottery clay.
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triplicate and used waste concentrations of 100% sulfate and 30/70
phosphate/sulfate. The latter concentration was chosen based on predicted
availability of waste streams. The results of these tests are included in
Appendix I.

Drainahle water was a problem area just as it was in the previous
matrix. However, the grouts produced using 100% sulfate waste were
acceptable throughout the matrix. As such, the data were analyzed and a

reference formula developed as follows:

Portland cement, Type III (47 * 2.5) wt %
Class F fly ash, Centralia, Washington (30 + 2.5) wt %
Attapulgite =150 clay (15 * 4.5) wt %
IRPC (8 £ 1) wt %

Mix ratio (8.5 * 0.5) 1b/gal
Waste concentration 100% sulfate

The mix ratio from the three blends (10, 11, and 12) was treated as a
single independent variable, with the variations in blend components
treated as unknown. For example, at a mix ratio of 8 1b/gal, for blends
10, 11, and 12, the nine mixes (each mix performed in triplicate) were
combined and the mean was determined. The mean for the 8 1b/gal mixes was
then plotted, along with the 957% confidence interval. This method assumes
that if the reference formula is being used, then uncontrollable variations
in the blend composition are taken into consideration for production of an
acceptable grout. Figures 13 to 17 depict the results of this matrix of
experiments.

The results of this series of experiments were somewhat promising for
production of an acceptable grout using 30/70 PSW. But just as in the
previous sets of experiments, the drainable water presented a problem.
Figure 18 depicts the results of this serles of experiments, using the
same treatment already discussed, for the drainable water criterion.
Acceptable grouts were produced using a high-cement content (47 wt 7%) and
high mix ratios (»8.5 1b/gal). FEfforts were then turned toward solving

the drainable water problem.
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6.3 EXPERIMENTAL RESULTS FOR 30/70 AND 25/75 PSW

As previously discussed, a grout formula was developed for use with
100% sulfate waste. Since the drainablc water criterion pres=ated the most
problems, efforts were focused on solving this area during ilnal
formulation for 30/70 PSW. The 25/75 PSW concentration was used in one
series of experiments to see what effects a change in waste would have on

the grout performance.

6.3.1 Formulation Results for 30/70 PSW

The results of the previous series of tests indicated that a lower
cement content might have beneficial effects on reduction of drainable
water. The series of experiments shown in Tables 9 and 10 were performed.
These experiments were set up to study the effects of lower cement, higher
Attapulgite—~150, and IRPC contents, Two of the blends, 13 and 16,
produced acceptable grouts at mix ratios »8.5 1b/gal. Although 25/75
PSW was used for Blend No. 16, the results were similar to Blend No. 13.
This confirmed the need for higher cement content. Regression analysis
demonstrated that IRPC has little effect on the rheological properties of
the grout (Figs. 5 to 7). Higher attapulgite content tended to decrease
the volume of drainable liquid; however, a higher cement content was also
needed. Because of the delivery capacity of the DMRHF and the econorics
involved with using higher quantities of these two components, attention
was then turned to solving the drainable water problem by the use of other
materials.

The series of experiments shown in Table 11 was set up to evaluate
the use of Type I, II Portland cement., The original intent was to use a
Type I, II cement that had been ground to a Blaine fineness comparable to
a Type III. However, the material was not readily available, so the
experiments were done using a regular grind of Type I, II. The blends
were used at mix ratios of 7, 8, and 9 1b/gal with both the 30/70 PSW
and 100% sulfate waste, The results were similar to previous ones using
Type 1,11 cement except there was an increase in drainable water, This
reaffirmed the use of a Type III cement if an acceptable grout formula was
to be developed.
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Table 9. Experimental design for 30/70 PsSwy3 formulationP:C

Amount (wt %) by blend No.

Material 13 14 15

Cement, 47 44 41
Type III

Fly ash, 31 34 37
Class F

Attapulgite~150 14 15 16

Irpcd 8 7 6

apsW = phosphate/sulfate waste.
bMix ratios = 8, 8.5, 9 1b/gal.
CPhosphate/sulfate concentration = 30/70.
dIRPC = Indian Red Pottery clay.

Table 10. Experimental design for 25/75 PSW2 formulationP»¢

Amount (wt %) by blend No.

Material 16 17 18

Cement, 46 43 41
Type III

Fly ash, 30 32 32
Class F

Attapulgite-150 16 17 19

IrRPCd 8 8 8

apsW = phosphate/sulfate waste,
bMix ratios = 8, 8.5, 9 1b/gal.
CPhosphate/sulfate concentration = 25/75.
diRPC = Indian Red Pottery clay.
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Table 11. Experimental design for 30/70 and 0/100 PSW® formulation
using Type I, II cementP»€

Amount (wt %) blend No.

Material 19 20 21 22

Cement, 45 50 45 50
Type I,II

Fly ash, 33 28 31 26
Class F

Attapulgite-150 14 14 16 16

IrPCd 8 8 8 8

apsW = phosphate/sulfate waste.

bMix ratfos = 7, 8, 9 1b/gal.

CPhosphate/sulfate concentration = 30/70 and 0/100.
dIRPC = Indian Red Pottery clay.

Development studies were directed toward utilization of hydrated
lime [Ca(OH),], instead of IRPC clay, as a dry-blend component. Table 12
shows the series of experiments set up to determine if this was a viable
option. The drainable water criterion was again the one that posed
problems: none of the grouts produced in this series passed this

criterion. All other criterla were passed by these grouts.
6.4 UTILIZATION OF ALUMINUM PHOSPHATE FOR REDUCTION OF DRAINABLE WATER

All prior development work indicated the need for an additive for
reduction of drainable water. A reference formula had already been
developed for use with 1007 sulfate waste (Sect. 6.2), but one needed
to be developed for use with all expected waste concentrations. At this
point in the work, the decision was made to use 35/65 PSW as well as 100%
sulfate waste. Based on available data, these concentrations appeared to
be the most credible for use in actual grouting operation.

Previous work at ORNL!2 (Milestone 173) had shown that the use of
aluminum compounds could reduce the amount of drainable water. The
decision was made to use aluminum phosphate instead of aluminum nitrate
because the waste already countains phosphate. The possible leaching of

nitrate from the grout was also a consideration. The aluminum phosphate
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Table 12, Experimental design for 30/70 PSW2 formulation
using hydrated 1imeb»¢

Amount (wt %) by blend No.

Material 23 24 25

Cement, 40 40 40
Type III

Fly ash, 40 40 40
Class F

Attapulgite-150 8 10 12

Hydrated lime 12 10 8

apsWw = phosphate/sulfate waste.
bMix ratios = 8, 8.5, 9 1b/gal.
CPhosphate/sulfate concentration = 30/70.

admixture appears to decrease the amount of drainable water by increasing
the growth rate of the hydration products. This increased growth of
hydration product decreases the settling velocity, thus decreasing the
volume of drainable water. The increased growth also increases the uptake
of free water and thus reduces the dralnable water. These ideas have not
been proven, but work has shown the benefits from using aluminum compound
admixtures.!?

Data from all previous work performed using PSW were analyzed to
determine the starting matrix of experiments. Table 13 was developed, and
work was initiated using I wt % of aluminum phosphate added to the waste
prior to mixing with the dry-solids blend. The amount of aluminum
phosphate admixture 1s based on the amount of dry-solids blend used in the
grout, Appendix J contains graphical representations of the effects of
mix ratio and cement content on the various grout properties.

Inspection of the data and response analysis indicated that
decreasing the cement content would be beneficial, particularly in
reducing the volume of drainable water. The amount of attapulgite needed
to be adjusted to ensure acceptability of the grout., These concepts
formed the basis for Table 13. The blends shown were developed to study
the effects of component variation of the grout properties. An acceptable

grout formula must be able to tolerate blend variations as well as mix



Table 13. Experimental design for 35/65 and 0/100 PSW® formulatfonPs©
Amount (wt %) by blend No.

Material 27 28 29 30 5 31 32 33 34 35 36 37 38 39 40 41
Cement, 42.5 42.5 42,5 45 45 45 47.5 47.5 47.5 40 40 40 42.5 42.5 45 45

Type I1I
Fly ash, 38.5 35.5 32.5 36 33 30 33.5 30.5 27.5 40 38 36 37.5 33.5 35 31

Class F
Actapulgite 12 14 16 12 14 16 12 14 16 13 14 15 13 15 13 15
1rpcd 7 8 9 78 9 7 8 9 7 8 9 7 9 7 9

&8pSW = phosphate/sulfate waste.

bMix ratfos = 8, 8.5,

9 1b/gal.

€] wt X AIPO, added to waste.

d1RPC = Indian Red Pottery clay.

0s
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ratio variations. Blends 28 and 5 were also used in this final
formulation design since the matrix bounded these particular blends,

After all the experiments had been performed, the results were
analyzed. The reference formula was developed based on data from the
following blends: 5, 27, 28, 35, 36, 38, 40, 41, and 30. 7These blends
encompass variations of at least +5% for each of the dry-blend components.
The data from these blends are represented in Figs. 19 to 24,

The same data treatment was used for this analysis as was used in
development of the 100% sulfate waste reference formula (Sect. 6.2).

The data from all nine blends, at a particular mix ratio (i.e., 8 1lb/gal),
were used to generate a mean value and a standard deviation. These values

formed the basis for the following reference formula:

Type III, Portland cement (43 £ 2.5) wt %

Class F fly ash, Centralia, WA (36 + 2.5) wt %
Attapulgite-150 clay (13 * 1.0) wt %

IRPC (8 £ 1.0) wt %

Mix ratio (8.5 £ 0.5) 1b/gal
Aluminum phosphate 1.0 wt %

Waste concentration 35/65 and/or 0/100 PSW

As can be seen in Figs. 19 to 24, this reference formula produced grouts
with acceptable properties even when variations in the dry-blend

components were factored in. The reference formula can be used for both
100%Z sulfate waste and 35/65 PSW., The standard deviations shown in the

graphs represent expected ranges for each of the responses depicted.

6.4.1 Effect of Waste Concentration

The effects of various waste concentrations were studied using Blend
28 at 9 1b/gal. This blend was chosen because of the similarity between
it and the reference formula, while the high mix ratio was chosen because
it represents the worst case for rheological properties. The plots (Figs.
25 to 27) 1llustrate the effect of increasing sulfate concentration and
decreasing phosphate concentration. Regression analysis yields the
following responses as a function of increasing the sulfate concentration:

(1) decreased critical flow rate,

(2) increased gel strength, and

(3) decreased drainable water.
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These expected responses are within experimental error and the range of

acceptability for the grout properties.
7. CONCLUSIONS

This report presents all data that were accumulated during both the
preliminary and the final formulation development work for the immobiliza-
tion of variable PSW. Several problem areas were encountered during this
study, but solutions were found. The use of aluminum phosphate as an
additive proved to be a viable solution to the drainable water problem.
Acceptable grouts were produced at previously expected waste
concentrations of 100% sulfate and 35/65 PSW. A reference
formula was developed for use with these concentrations, and a separate

formula was developed for 100% sulfate waste. These formulas are as

follows:
Waste 35/65 PSW and/or 100% sulfate
Type IIT Portland cement (43  2,5) wt %
Class F fly ash, Centralia, WA (36 * 2,5) wt %
Attapulgite~150 clay (13 £ 1.0) wt %
IRPC (8 £ 1.0) wt %
Mix ratio (8.5 * 0.5) 1b/gal
Aluminum phosphate (asdditive) 1.0 wt %
Waste 1007 Sulfate
Type III Portland cement (47.0 £ 2.,5) wt %
Class F fly ash, Centralia, WA (30 £ 4,5) wt %
Attapulgite-150 clay (15 £ 1,0) wt %
IRPC (B +1.0) wt %
Mix ratio (8.5 * 0,5) 1b/gal

If a large degree of confidence can be placed on the control of the
dry-blend component mixing, then the data indicate that the following
variation in the above reference formula for 1007 sulfate will work for
30/70 PSW. The tolerances are very narrow for this particular blend:
cement (47.5-49.5 wt %), fly ash (25.5-31 wt %), Attapulgite-150
(14-16 wt %), IRPC (89 wt %), and mix ratio (8.5-9 1b/gal). As can be
seen, there is not a +5% variation in all the components, nor is there a
+0.5 1b/gal variation in the mix ratio. However, the data indicate that

this blend will work if the close variations are maintained.
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The work described in this report was based on waste stream
concentrations that were expected to occur before startup of the TGF.
However, it appears that an 80/20 PSW will be the initial stream grouted.
During the preliminary phase of this work, a 25/75 PSW was investigated.
Based on this preliminary work, a grout formula consisting of 40 wt %
Type III cement, 38 wt % class F fly ash, 8 wt ¥ IRPC, and 14 wt 7
Attapulgite-150 clay may be a viable option. The optimum mix ratio
appears to be 7.5 1lb/gal. However, it 1s recommended that further work be
undertaken before a final decision to use this formula is made. A
detalled experimental design should be developed in order to ensure that
this formula 1s acceptable. The data for the 25/75 PSW stream are
contained in Appendix A,

This formulation development work encompassed a variety of possible
waste concentrations. The results of this stpdy produced reference
formulas for use in the immobilization of PSW. All expected waste
concentrations were studied as well as a brief study on various other
concentrations. The reference formulas, as presented, will produce
acceptable grouts that are processible, durable, and environmentally safe.
The reference formulas are such that variations in the dry-solids blend
components will not adversely affect the grout properties. The data were
treated in such a manner as to verify this statement. Grouts were
subjected to the EP-Toxicity test and were found to be nontoxic as
defined by the test. This development study for the immobilization of

variable PSW demonstrates the versatility of cement-based grouts.
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APPENDIX A
RESULTS OF PRELIMINARY FORMULATION DEVELOPMENT WORK

This appendix contains all the data generated during this development
study. The data are segmented iInto several areas. The data are divided
into acceptable and unacceptable grouts, with each of these segments
divided in terms of waste dilution. All applicable variables and responses

are presented. Nomenclature used in this appendix is given below.

BLEND# = blend number
CEMENT = amount of Type III Portland cement, wt 7%
FLYASH = amount of class F fly ash, wt %

IRPC = amount of Indian Red pottery clay, wt %
ATTAG = amount of Attapulgite clay, wt %

LIME = amount of hydrated lime, wt 7%

SULF = amount of sulfate waste, vol %

PHOSP = amount of phosphate waste, vol %
MIXRAT = mix ratio, 1b/gal

VISC = viscosity, cP

GELST = 10-min gel strength, 1bg/100 ft
DENSITY = density, 1lb/gal

KINDEX
NPRIME

fluid consistency index, lbes®' /ft?2
flow behavior index

PHASE = amount of drainable water, vol %

COMST = compressive strength, 1lbg/in.?

REYNUM = Reynolds number

FPRES = frictional pressure drop per 100 ft, lbg/in.?2
CRTFW = critical flow rate, gzl/min

PHPRES = pump head pressure, lbg/in,2



68

Blend FLY
No. SULF/PHOSP  CEMENT ASH IRPC ATTAG MIXRAT VISC GELST
3 25/75 40.0 38.0 10.0 12.0 7.0 18 11
2 25/75 40.0 38.0 8.0 14.0 7.0 19 23
3 25/75 40.0 38.0 10.0 12.0 9.0 S0 40
2 25/75 40.0 38.0 8.0 14.0 8.0 37 36
3 25/75 40.0 38.0 10.0 12.0 8.0 27 23
6 25/75 45,0 33.0 10.0 12.0 7.0 15 23
4 25/75 45.0 33.0 6.0 16.0 8.0 41 32
5 25/75 45.0 33.0 8.0 14.0 8.0 42 32
6 25/75 45.0 33.0 10.0 12.0 8.0 28 24
9 25/75 50.0 28.0 10.0 12.0 7.0 18 11
9 25/75 50.0 28.0 10.0 12.0 8.0 29 24
5 25/75 45.0 33.0 8.0 14.0 7.0 21 23
7 25/75 50.0 28.0 6.0 16.0 8.0 45 17
1 25/75 40.0 38.0 6.0 16.0 7.0 23 31
8 25/75 50.0 28.0 8.0 14.0 8.0 40 19
Vs 25/75 50.0 28.0 8.0 14.0 9.0 28 12
V5 25/75 50.0 28.0 8.0 14.0 8.5 22 12
v7 25/75 41.0 37.0 8.0 14.0 9.0 27 10
v4 25/75 50.0 31.0 8.0 11.0 9.0 20 14
v2 25/75 41.0 40.0 8.0 11.0 9.0 18 11
8 25/75 50.0 28.0 8.0 16.0 7.0 20 12
V2 25/75 41.0 40.0 8.0 11.0 8.5 15 9
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Blend FLY
No. SULF/PHOSP  CEMENT ASH  IRPC ATTAG MIXRAT VIsC GELST
26 65/35 43.0 38.0 8.0 11.0 7.0 13 7
26 65/35 43.0 38.0 8.0 11.0 8.0 19 8
26 65/35 43.0 38.0 8.0 11.0 9.0 29 13
5 65/35 45.0 33.0 8.0 14.0 8.0 23 9
5 65/35 45.0 33.0 8.0 14.0 9.0 39 12
27 65/35 42.5 38.5 7.0 12.0 8.0 22 8
27 65/35 42.5 38.5 7.0 12.0 8.5 25 11
27 65/35 42.5 38.5 7.0 12.0 9.0 34 13
28 65/35 42.5 35.5 8.0 14.0 8.0 26 11
28 65/35 42,5 35.5 8.0 14,0 8.5 32 12
28 65/35 42.5 35.5 8.0 14.0 9.0 47 15
29 65/35 42.5 32.5 9.0 16.0 8.0 32 13
29 65/35 42.5 32.5 9.0 16.0 8.5 46 16
30 65/35 45.0 36.0 7.0 12.0 8.0 20 9
30 65/35 45.0 36.0 7.0 12,0 8.5 25 10
30 65/35 45.0 36,0 7.0 12,0 9.0 29 12
5 65/35 45.0 33.0 8.0 14,0 8.0 25 10
5 65/35 45.0 33.0 8.0 14.0 8.5 32 12
5 65/35 45.0 33.0 8.0 14,0 9.0 45 14
31 65/35 45,0 30.0 9.0 16.0 8.0 36 9
33 65/35 47.5 30.5 8.0 14.0 9.0 47 11
34 65/35 47.5 27.5 9.0 16.0 8.5 43 11
35 65/35 40.0 40.0 7.0 13.0 8.0 23 7
35 65/35 40,0 40,0 7.0 13.0 8.5 29 10
35 65/35 40.0 40,0 7.0 13.0 9.0 38 12
36 65/35 40.0 38.0 8.0 14.0 8.0 28 11
36 65/35 40.0 38.0 8.0 14.0 8.5 37 12
37 65/35 40.0 36.0 9.0 15.0 8.0 31 13
37 65/35 40.0 36.0 9.0 15.0 8.5 40 12
40 65/35 45.0 35.0 7.0 13.0 9.0 39 11
41 65/35 45.0 31.0 9.0 15.0 8.0 31 10
41 65/35 45.0 31.0 9.0 15.0 B.5 42 12
38 65/35 42.5 37.5 7.0 13.0 8.5 33 13
38 65/35 42.5 37.5 7.0 13.0 9.0 49 14
39 65/35 42.5 33.5 9.0 15.0 8.0 32 13
39 65/35 42.5 33.5 9.0 15.0 B.5 43 14
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Blend FLY
No. SULF/PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST

5 50/50 45,0 33.0 8.0 14.0 7.0 20 13
5 50/50 45.0 33.0 8.0 14.0 8.0 40 17
1 50/50 40.0 38.0 6.0 16.0 7.0 21 14
2 50/50 40.0 38.0 8.0 14.0 8.0 34 9
7 50/50 50.0 28,0 6.0 16.0 8.0 43 16
3 50/50 40.0 38.0 10.0 12.0 8.0 29 13

Blend FLY

No. SULF /PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST
11 70/30 47.0 30.0 8.0 15.0 8.5 44 24
11 70/30 47.0 30.0 8.0 15.0 9.0 40 10
12 70/30 49.5 25.5 9.0 16.0 8.5 38 10
12 70/30 49,5 25.5 9.0 16.0 9.0 47 t1
13 70/30 47.0 31.0 8.0 14.0 8.5 35 12
13 70/30 47.0 31.0 8.0 14.0 9.0 47 11
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Blend FLY
No. SULF/PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST
7 75/25 50.0 28.0 6.0 16.0 9.0 42 16
V5 75/25 50.0 28.0 8.0 14,0 9.0 22 17
v7 75/25 41.0 37.0 8.0 14.0 9.0 20 14
V4 75/25 50.0 31,0 8.0 11.0 9.0 21 13
V5 75/25 50.0 28.0 8.0 14.0 8.5 19 14
v7 75/25 41.0 37.0 8.0 14.0 8.5 16 11
8 75/25 50.0 28.0 8.0 14.0 9.0 42 10
16 75/25 46.0 30.0 8.0 16.0 8.5 41 11
Blend FLY
No. SULF/PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST
28 80/20 42.5 35.5 8.0 14.0 9.0 28 11
Blend FLY

No. SULF /PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST

28 %0/10 42.5 35.5 8.0 14,0 9,0 22 14
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Blend FLY
No. SULF /PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST
4 100/0 45.0 33.0 6.0 16.0 9.0 31 5
V5 100/0 50.0 28.0 8.0 14.0 9.0 38 17
V5 100/0 50.0 28.0 8.0 14.0 8.5 29 14
8 100/0 50.0 28.0 8.0 14.0 9.0 30 19
6 100/0 45.0 33.0 10.0 12.0 9.0 27 19
v7 100/0 41.0 37.0 8.0 14.0 9.0 27 12
V5 100/0 50.0 28.0 8.0 14.0 8.0 23 12
Vi 100/0 50.0 31.0 8.0 11.0 8.5 22 16
v7 100/0 41.0 37.0 8.0 14.0 8.5 15 11
Vi 100/0 50.0 31.0 8.0 11.0 9.0 28 17
1 100/0 40.0 38.0 6.0 16.0 9.0 31 20
5 100/0 45.0 33.0 8.0 14.0 9.0 29 18
V2 100/0 41.0 40.0 8.0 11.0 8.5 20 12
7 100/0 50.0 28.0 6.0 16.0 9.0 35 15
40 100/0 45.0 35.0 6.0 0.0 9.0 17 21
9 100/0 50.0 28.0 10,0 12.0 9.0 27 20
6 100/0 45.0 33.0 10.0 10.0 8.0 19 17
3 100/0 40.0 38.0 10.0 12.0 9.0 25 16
v4 100/0 50.0 31.0 8.0 11.0 8.0 19 12
V5 100/0 50.0 28.0 8.0 14.0 7.0 15 9
40 100/0 45.0 35.0 6.0 0.0 9.0 18 20
4] 100/0 47.5 32.5 10.0 0.0 9.0 16 19
43 100/0 47.5 32.5 8.0 0.0 9.0 18 23
10 100/0 44.5 34.5 7.0 14.0 8.0 20 17
10 100/0 44,5 34.5 7.0 14.0 8.5 24 16
10 100/0 44,5 34.5 7.0 14.0 9.0 31 15
11 100/0 47.0 30.0 8.0 15.0 8.0 23 14
11 100/0 47.0 30.0 8.0 15.0 8.5 28 18
11 100/0 47.0 30.0 8.0 15.0 9.0 35 20
12 100/0 49,5 25.5 9.0 16.0 8.0 24 17
12 100/0 49.5 25.5 9.0 16.0 8.5 30 20
12 100/0 49,5 25.5 9.0 16.0 9.0 40 21
10 100/0 44,5 34.5 7.0 14.0 8.0 19 16
10 100/0 44,5 3.5 7.0 14.0 8.5 23 20
10 100/0 44,5 34.5 7.0 14.0 9.0 29 22
11 100/0 47.0 30.0 8.0 15.0 8.0 21 16
11 100/0 47.0 30.0 8.0 15.0 8.5 26 20
11 100/0 47.0 30.0 8.0 15.0 9.0 29 23
12 100/0 49,5 25.5 9.0 16.0 8.0 25 20
12 100/0 49.5 25.5 9.0 16.0 8.5 32 22
12 100/0 49.5 25.5 9.0 16.0 9.0 42 28
10 100/0 44.5 34.5 7.0 14.0 8.0 30 9
10 100/0 44,5 34.5 7.0 14.0 8.5 33 13
10 100/0 44,5 34.5 7.0 14.0 9.0 37 26
11 100/0 47.0 30.0 8.0 15.0 8.0 32 23
11 100/0 47.0 30.0 8.0 15.0 8.5 34 23
11 100/0 47.0 30.0 8.0 15.0 9.0 42 22
12 100/0 49,5 25.5 9.0 16.0 8.0 36 18
12 100/0 49,5 25.5 9.0 16.0 8.5 41 31



73

Blend FLY
No. SULF /PHOSP CEMENT ASH IRPC ATTAG MIXRAT VISC GELST
12 100/0 49,5 25.5 9.0 16.0 9.0 46 31
26 100/0 43.0 38.0 8.0 11.0 8.0 15 20
256 100/0 43.0 38.0 8.0 11.0 9.0 21 27
5 100/0 45.0 33.0 8.0 14.0 8.0 18 24
5 100/0 45.0 33.0 8.0 14.0 9.0 28 33
27 100/0 42,5 38.5 7.0 12,0 8.0 14 20
27 100/0 42.5 38.5 7.0 12.0 8.5 18 25
27 100/0 42,5 38.5 7.0 12.0 9.0 22 31
28 100/0 42.5 35.5 8.0 14.0 8.0 17 20
28 100/0 42,5 35.5 8.0 14.0 8.5 21 25
28 100/0 42.5 35.5 8.0 14.0 9.0 26 26
29 100/0 42.5 32.5 9.0 16.0 8.0 20 25
29 100/0 42.5 32.5 9.0 16.0 8.5 25 27
29 100/0 42.5 32.5 9.0 16.0 9.0 33 32
30 100/0 45.0 36.0 7.0 12.0 8.5 16 24
30 100/0 45.0 36.0 7.0 12.0 9.0 20 32
5 100/0 45.0 33.0 8.0 14.0 8.5 22 26
5 100/0 45.0 33.0 8.0 14,0 9.0 27 29
31 100/0 45.0 30.0 9.0 16.0 8.0 20 17
31 100/0 45.0 30.0 9.0 16.0 8.5 26 18
31 100/0 45.0 30.0 9.0 16.0 9.0 33 22
32 100/0 47.5 33.5 7.0 12.0 8.5 19 15
32 100/0 47 .5 33.5 7.0 12.0 9.0 22 18
33 100/0 47 .5 30.5 8.0 14.0 8.0 18 17
33 100/0 47.5 30.5 8.0 14.0 8.5 22 19
33 100/0 47.5 30.5 8.0 14.0 9.0 28 22
34 100/0 47.5 27.5 9.0 16.0 8.0 20 18
34 100/0 47 .5 27.5 9.0 16.0 8.5 25 20
34 100/0 47.5 27.5 9.0 16.0 9.0 32 33
35 100/0 40.0 40.0 7.0 13.0 8.0 15 16
35 100/0 40.0 40.0 7.0 13.0 8.5 19 19
35 100/0 40.0 40.0 7.0 13.0 9.0 23 23
36 100/0 40.0 38.0 8.0 14.0 8.0 19 11
36 100/0 40.0 38.0 8.0 14,0 8.5 22 21
36 100/0 40.0 38.0 8.0 14.0 9.0 27 25
37 100/0 40.0 36.0 9.0 15.0 19 16
37 100/0 40.0 36.0 9.0 15.0 8.5 24 18
37 100/0 40.0 36.0 9.0 15.0 9.0 31 23
40 100/0 45,0 35.0 7.0 13.0 8.0 16 15
40 100/0 45.0 35.0 7.0 13.0 8.5 19 18
40 100/0 45,0 35.0 7.0 13.0 9.0 24 23
41 100/0 45.0 31.0 9.0 15.0 8.0 20 15
41 100/0 45.0 31.0 9.0 15.0 8.5 24 22
41 100/0 45.00 31.0 9.0 15.0 9.0 30 27
38 100/0 42.5 37.5 7.0 13.0 8.0 17 16
38 100/0 42.5 37.5 7.0 13.0 8.5 21 20
38 100/0 42.5 37.5 7.0 13.0 9.0 26 22
28 100/0 42.5 35.5 8.0 14.0 8.0 18 24
28 100/0 42.5 35.5 8.0 14.0 8.5 23 32
28 100/0 42.5 35.5 8.0 14.0 9.0 29 43
39 100/0 42.5 33.5 9.0 15.0 8.0 19 21
39 100/0 42.5 33.5 9.0 15.0 8.5 24 26
39 100/0 42.5 33.5 9.0 15.0 9.0 31 33
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APPENDIX B
EFFECTS OF MIX RATIO ON GROUT PROPERTIES USING TYPE I,II CEMENT

This appendix contains plots of various responses vs mix ratio using
Type I,II cement and the reference formula for 50/50 sulfate/phosphate
HFW. The tendency is that an increase in mix ratio results in an increase
in critical flow rate and 10-min gel strength. There 1s no discernible
pattern as to the effects of mix ratio on compressive strength or

drainable water.
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APPENDIX C

EFFECTS OF MIX RATIO ON GROUT PROPERTIES FOR 100% SULFATE
WASTE USING TYPE III CEMENT

This appendix contains plots of varlous responses as a function of
mix ratio for various blends used during the initial exploratory study.
The following general trends were noticed as a result of increasing the
mix ratio:

1. drainable water - decreases

2. critical flow rate - increases

3. compressive strength - increases

4. 10-min gel strength - increases
All of the blends represented in this appendix were prepared using

type I1I Portland cement.



7.5

7.8 ¢
6.5
6.8 F
SS}F

S.8
4.5

40}
st
e}
25}

9
1.5
1.9

e.p

BLEND V5
180% SULFATE

DRAINABLE WATER (vol X

L J B

.

8.8 8.5
MIX RATIO (1b/qal)

9.0

96



N\

a d
aaaaaaaa




BLEND V7

22222222222222



7/////

55555555




gL
mmmmmmmmm




DM

T 8 8 « 8 = = - -




BLEND V2

5555555555555555

- et ee e v e




103

APPENDIX D
EFFECTS OF MIX RATIO ON GROUT PROPERTIES FOR NCRW REFERENCE BLEND

This appendix contains plots of various responses as a function of
mix ratio for grouts prepared with variations of the NCRW reference blend.
Only those grouts prepared at a mix ratio of 9 1lb/gal passed performance
criteria. Even at this mix ratio, the drainable water was consistently in
the range of 2.5 vol %. These experiments were performed to determine the
feasibility of utilizing the NCRW reference blend for disposal of 100%
sulfate waste. As with the 50/50 sulfate/phosphate HFW reference blend,
several modifications in the formula are needed in order to make

acceptable grouts.
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APPENDIX E

EFFECT OF BLEND COMPOSITION ON GROUT PROPERTIES FOR
50/50 AND 25/75 SULFATE/PHOSPHATE WASTE

This appendix contains plots of the effects of blend composition on
various responses. Only acceptable grouts for 50/50 and 25/75

sulfate/phosphate waste concentrations are presented.
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APPFNDIX F

EFFECT OF BLEND COMPOSITION ON GROUT PROPERTIES FOR
100 AND 75/25 SULFATE/PHOSPHATE WASTE

This appendix contains plots of the effects of blend composition on
various responses for grouts produced using 100% sulfate and 75/25
sulfate/phosphate HFW. Only unacceptable grouts are presented because
acceptable grouts were discussed in the main body of this report.
However, 1t should be noted that the same general trends are evident as

discussed in the main report body.
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APPENDIX G
EFFECTS OF BLEND COMPOSITION ON DRAINABLE WATER

This appendix contains plots of the effects of blend composii:ion on
drainable water. The plots represent all grouts prepared using each of
the four waste concentrations studied. Since the most difficult criteria
was the drainable water, it is important to study the effect of each blend
component on the amount of drainable water. The drainable water response
is difficult to handle because some of the components have various effects
at different waste concentrations. These effects are currently under

investigation and will be included in a later report.
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON DRAINABLE WATER
75% SULFATE-25% PHOSPHATE

5
o o
4
34
o o )
2 -
. o o .

i} ~° N .
0 t : : -+ =

0 <] 10 15 20 25

DRAINABLE WATER (vol%)

30

o CEMENT

e ATTAGEL

61T



BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON DRAINABLE WATER
75% SULFATE-25% PHOSPHATE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON DRAINABLE WATER
50% SULFATE-50% PHOSPHATE
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BLEND COMPOSITION (lb/gal)

EFFECT OF BLEND COMPOSITION

ON DRAINABLE WATER
25% SULFATE-75% PHOSPHATE
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BLENO COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON CRITICAL FLOW RATE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON CRITICAL FLOW RATE
100% SULFATE WASTE
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BLEND COMPOSITION (1lb/gal)

EFFECT OF BLEND COMPOSITION

ON VISCOSITY
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BLEND COMPOSITION (lb/ge.)

EFFECT OF BLEND COMPOSITION
ON VISCOSITY
100% SULFATE WASTE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON 10 min GEL STRENGTH
100% SULFATE WASTE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON 10 min GEL STRENGTH
100% SULFATE WASTE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON DRAINABLE WATER
100% SULFATE WASTE
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BLEND COMPOSITION (lb/gal)

EFFECT OF BLEND COMPOSITION
ON CRITICAL FLOW RATE
75% SULFATE-25% PHOSPHATE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON CRITICAL FLOW RATE
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BLEND COMPOSITION (1b/gal)

EFFECT OF BLEND COMPOSITION
ON VISCOSITY
79% SULFATE-25% PHOSPHATE
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APPENDIX H
RESULTS OF T-TEST

This appendix contains several items. A plot of shear stress vs
shear rate shows the effect of increasing mix ratio. Also included is a
table of the results of the t-test performed on data for acceptable
grouts., This information will be useful when planning future formulation

work and is included for information purposes only.,
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RESULTS OF T—TEST* FOR ACCEPTABLE GROUTS

SULFATE /PHOSPHATE CONCENTRATION

100 75/25 50,/50 25/75

CEMENT 46.0+—3.4 47.04+—24.3 45.0+—0.0 45.2+~2.6
FLY ASH 32.7+—3.4 31.0+—24.3 33.0+—0.0 31.8+-3.7
ATTAPULGITE 13.5+—1.4 14.74+-5.4 14.74+—5.4 13.5+—1.0
IRPC 7.9+-0.8 7.3+-5.4 7.3+-5.4 8.5+-0.9
MIX RATIO 8.8+—0.3 9.0+~—0.0 7.7+-2.7 8.0+—0.5
GEL STRENGTH 14.84—-3.5 15.74+—7.2 18.3+—28.6 24.64+—6.7
DRAINABLE WATER 1.5+—0.9 1.74+—0.8 1.7+—-6.9 0.5+—0.5
COMPRESSIVE STRENGTH 513+—123 S565+—1236 530+ —320 599+—109
CRITICAL FLOW RATE 42+—4 41+-55 50+—64 4448
FRICTIONAL PRES. DROP 3.6+—0.6 3.54+—7.3 4.84+—9.1 4.14+—1.1

* 99% CONFIDENCE INTERVAL
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APPENDIX I

RESULTS FROM EXPERIMENTS PERFORMED TO STUDY THE EFFECTS OF WASTE
CONCENTRATION ON GROUT PERFORMANCE

This appendix contains the results from experiments performed to study
the effects of waste concentration on grout performance. This series of
blends was set up to encompass a wide variety of blend compositions. All

data from the formulation study are included in this appendix.
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BLEND$ SULF/PHOS CEMENT FLY ASH IRPC ATTAG MIXRAT

4 100/0 45.0 33.0 6.0 16.0 9.0
A4 100/0 50.0 28.0 8.0 14.0 9.0
\'4) 100/0 50.0 28.0 8.0 14.0 8.5
8 100/0 50.0 28.0 8.0 14.0 9.0
6 100/0 45.0 33.0 10.0 12.0 9.0
v7 100/0 41.0 37.0 8.0 14.0 9.0
V5 100/0 50.0 28.0 8.0 14.0 8.0
V4 100/0 50.0 31.0 8.0 11.0 8.5
v7 100/0 41.0 37.0 8.0 14.0 8.5
"2 100/0 50.0 31.0 8.0 11.0 9.0
1 100/0 40.0 38.0 6.0 16.0 9.0
5 100/0 45.0 33.0 8.0 14.0 9.0
vz 100/0 41.0 40.0 8.0 11.0 8.5
7 75/25 50.0 28.0 6.0 16.0 9.0
V5 75/25 50.0 28.0 8.0 14.0 9.0
v7 75/25 41.0 37.0 8.0 14.0 9.0
5 50/50 45.0 33.0 8.0 14.0 7.0
5 50/50 45.0 33.0 8.0 14.0 8.0
4 50/50 45.0 33.0 6.0 16.0 8.0
3 25/75 40.0 38.0 10.0 12.0 7.0
2 25/75 40.0 38.0 8.0 14.0 7.0
1 25/75 40.0 38.0 6.0 16.0 8.0
3 25/75 40.0 38.0 10.0 12.0 9.0
2 25/75 40.0 38.0 8.0 14.0 8.0
3 25/75 40.0 38.0 10.0 12.0 8.0
6 25/75 45.0 33.0 10.0 12.0 7.0
4 25/75 45.0 33.0 6.0 16.0 8.0
5 25/75 45.0 33.0 8.0 14.0 8.0
6 25/75 45.0 33.0 10.0 12.0 9.0
6 25/75 45.0 33.0 10.0 12.0 8.0
9 25/75 50.0 28.0 10.0 12.0 9.0
9 25/75 50.0 28.0 10.0 12.0 7.0
9 25/75 50.0 28.0 10.0 12.0 8.0
5 25/75 45.0 33.0 8.0 14.0 7.0
7 25/75 50.0 28.0 6.0 16.0 8.0
1 25/75 40.0 38.0 6.0 16.0 7.0
8 25/75 50.0 28.0 8.0 14.0 8.0
v4 75/25 50.0 31.0 8.0 11.0 9.0
V5 25/75 50.0 28.0 8.0 14.0 2.0
V5 25/75 50.0 28.0 8.0 14.0 8.5
7 100/0 50.0 28.0 6.0 16.0 9.0
40 100/0 45.0 35.0 6.0 0.0 2.0
9 100/0 50.0 28.0 10.0 12.0 9.0
6 100/0 45.0 33.0 10.0 10.0 8.0
3 100/0 40.0 38.0 10.0 12.0 9.0
V4 100/0 50.0 31.0 8.0 11.0 8.0
V5 100/0 50.0 28.0 8.0 14.0 7.0
v7 100/0 41.0 37.0 8.0 14.0 8.0
v2 100/0 41.0 40.0 8.0 11.0 8.0
7 100/0 50.0 28.0 6.0 16.0 8.0
2 100/0 40.0 38.0 8.0 14.0 9.0
4 100/0 45.0 33.0 6.0 16.0 8.0
ve 100/0 41.0 40.0 8.0 11.0 7.5
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100/0 47.5 32.5  10.0 0.0
100/0 40.0 38.0 6.0 16.0
100/0 50.0 28.0 10.0 12.0
100/0 50.0 31.0 8.0 11.0
100/0 50.0 28.0 8.0 14.0
100/0 40.0 38.0 10.0 12.0
100/0 45.0 33.0 8.0 14.0
100/0 50.0 28.0 10.0 12.0
100/0 40.0 38.0 8.0 14.0
100/0 45.0 35.0 6.0 0.0
100/0 50.0 31, 8.0 11.0
100/0 50.0 28.0 8.0 14.0
100/0 50.0 31.0 8.0 11.0
100/0 40.0 38.0 6.0 16.0
100/0 45.0 33.0 6.0 16.0
100/0 45.0 33.0 10.0 12.0
100/0 41.0 40.0 8.0 11.0
100/0 50.0 42.0 8.0 0.0
100/0 41.0 37.0 8.0 14.0
100/0 40.0 52.0 8.0 0.0
100/0 40.0 38.0 8.0 14.0
100/0 50.0 28.0 6.0 16.0
100/0 50.0 31.0 8.0 11.0
100/0 47.5 32.5 10.0 0.0
100/0 40.0 38.0 10.0 12.0
100/0 41.0 40.0 8.0 11.0
100/0 45.0 35.0 6.0 0.0
100/0 41.0 40.0 8.0 11.0
100/0 50.0 42.0 8.0 0.0
100/0 45.0 33.0 8.0 14.0
100/0 40.0 52.0 8.0 0.0
100/0 47.5 32.5 10.0 0.0
100/0 50.0 31.0 8.0 11.0
100/0 41.0 40.0 8.0 11.0
100/0 40.0 52.0 8.0 0.0
100/0 41.0 40.0 8.0 11.0
100/0 50.0 42.0 8.0 0.0
100/0 50.0 42.0 8.0 0.0
100/0 40.0 52.0 8.0 0.0
75/25 40.0 38.0 6.0 16.0
75/25 45.0 33.0 6.0 16.0
75/25 50.0 28.0 8.0 14.0
75/25 45.0 33.0 8.0 14.0
75/25 41.0 37.0 8.0 14.0
75/25 40.0 38.0 8.0 14.0
75/25 50.0 28.0 8.0 14.0
75/25 45.0 33.0 6.0 16.0
75/25 50.0 28.0 10.0 12.0
75/25 40.0 38.0 6.0 16.0
75/25 41.0 37.0 8.0 14.0
75/25 50.0 28.0 8.0 14.0
75/25 45.0 33.0 8.0 14.0
75/25 40.0 38.0 10.0 12.0
75/25 40.0 38.0 8.0 14.0
75/25 45.0 33.0 10.0 12.0
75/25 50.0 28.0 6.0 16.0
75/25 50.0 28.0 8.0 14.0
75/25 40.0 as. 6.0 16.0
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3 75/25 40.0 38.0 10.0 12.0
Vs 75/25 50.0 28.0 8.0 14.0
v7 75/25 41.0 37.0 8.0 14.0
9 75/25 50.0 28.0 10.0 12.0
4 75/25 45.0 33.0 6.0 16.0
2 75/25 40.0 38.0 8.0 14.0
5 75/25 45.0 33.0 8.0 14.0
6 75/25 45.0 33.0 10.0 12.0
7 75/25 50.0 28.0 6.0 16.0
3 75/25 40.0 38.0 10.0 12.0
8 75/25 50.0 28.0 8.0 14.0
6 75/25 45.0 33.0 10.0 12.0
9 75/2% 50.0 28.0 10.0 12.0
1 50/50 40.0 38.0 6.0 16.0
1 50/50 40.0 38.0 6.0 16.0
2 50/50 40.0 38.0 8.0 14.0
5 50/50 45.0 33.0 8.0 14.0
4 50/50 45.0 33.0 6.0 16.0
7 50/50 50.0 28.0 6.0 16.0
1 50/50 40.0 38.0 6.0 16.0
2 50/50 40.0 38.0 8.0 14.0
7 50/50 50.0 28.0 6.0 16.0
8 50/50 50.0 28.0 8.0 14.0
3 50/50 40.0 38.0 10.0 12.0
4 50/50 45.0 33.0 6.0 16.0
6 50/50 45.0 33.0 10.0 12.0
3 50/50 40.0 38.0 10.0 12.0
9 50/50 50.0 28.0 10.0 12.0
2 50/50 40.0 38.0 8.0 14.0
8 50/50 50.0 28.0 8.0 14.0
3 50/50 40.0 38.0 10.0 12.0
9 50/50 50.0 28.0 10.0 12.0
6 50/50 45.0 33.0 10.0 12.0
9 50/50 50.0 28.0 10.0 12.0
7 50/50 50.0 28.0 6.0 16.0
8 50/50 50.0 28.0 8.0 14.0
6 50/50 45.0 33.0 10.0 12.0
1 25/75 40.0 38.0 6.0 16.0
2 25/75 40.0 38.0 8.0 14.0
4 25/75 45.0 33.0 6.0 16.0
5 25/75 45.0 33.0 8.0 14.0
8 25/75 50.0 28.0 8.0 16.0
7 25/75 50.0 28.0 6.0 16.0
v7 25/75 41.0 37.0 8.0 14.0
va 25/75 50.0 31.0 8.0 11.0
v2 25/75 41.0 40.0 8.0 11.0
8 25/75 50.0 28.0 8.0 16.0
V2 25/75 41.0 40.0 8.0 11.0
V4 75/25 50.0 31.0 8.0 11.0
V4 25/75 50.0 31,0 8.0 11.0
v7 25/75 41.0 37.0 8.0 14.0
Vs 25/75 50.0 28.0 8.0 14.0
v2 75/25 41.0 40.0 8.0 11.0
V4 25/75 50.0 31.0 8.0 11.0
V2 25/75 41.0 40.0 8.0 11.0
v7 25/75 41.0 37.0 8.0 14.0
v2 75/25 41.0 40.0 8.0 11.0
7 25/75 50.0 28.0 6.0 16.0

P T ]

. » & & a ® & & & 0 s e 5 4
AONAOAOOWNINOONNNY

R . .
OMOOCOCOoOOVULIVOOOOOO0O0O00DO0O00DO0OO0ODOOCO0O0O0O00V0O00O0O0DO0O0OO0O0DO0O0O0O0O0OO0OO0ODODOOOOOOO

NOOOOMWOOOOONIYVOOVOWOOWOUWOUOUONNNNOONOIOVOVOYONOOVORONOYVOVOYOVOVONNSNNNONNNOoNNm



145

25/75 45.0 33.0 6.0 16.0
25/75 50.0 28.0 8.0 14.0
75/25 50.0 31.0 8.0 11.0
75/25 41.0 40.0 8.0 11.0
25/75 41.0 40.0 8.0 11.0
25/75 41.0 37.0 8.0 14.0
75/25 50.0 31.0 8.0 11.0
25/75 50.0 31.0 8.0 11.0
75/25 41.0 40.0 8.0 11.0
100/0 45.0 35.0 6.0 0.0
100/0 47.5 32.5 10.0 0.0
100/0 47.5 32.5 8.0 0.0
100/0 45.0 35.0 6.0 0.0
100/0 47.5 32.5 8.0 0.0
100/0 47.5 32.5 10.0 0.0
100/0 47.5 32.5 10.0 0.0
100/0 45,0 35.0 6.0 0.0
100/0 47.5 32.5 8.0 0.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
70/30 44.5 34.5 7.0 14.0
70/30 44.5 34.5 7.0 14.0
70/30 44.5 34.5 7.0 14.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
70/30 47.0 30.0 8.0 15.0
70/30 47.0 30.0 8.0 15.0
70/30 47.0 30.0 8.0 15.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
70/30 49.5 25.5 9.0 16.0
70/30 49.5 25.5 9.0 16.0
70/30 49.5 25.5 9.0 16.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 1i5.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
70/30 47.0 31.0 8.0 14.0
70/30 47.0 31.0 8.0 14.0
70/30 47.0 31.0 8.0 14.0
70/30 47.0 31.0 8.0 14.0
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70/30 44.0 34.0 7.0 15.0
70/30 44.0 34.0 7.0 15.0
70/30 44.0 34.0 7.0 15.0
70/30 44.0 34.0 7.0 15.0
70/30 41.0 37.0 6.0 16.0
70/30 41.0 37.0 6.0 16.0
70/30 41.0 37.0 6.0 16.0
70/30 41.0 37.0 6.0 16.0
75/25 50.0 28.0 8.0 14.0
75/25 50.0 28.0 8.0 14.0
75/25 50.0 28.0 8.0 14.0
75/25 46.0 30.0 8.0 16.0
75/25 46.0 30.0 8.0 16.0
75/25 46.0 30.0 8.0 16.0
75725 43.0 32.0 8.0 17.0
75/25 43.0 32.0 8.0 17.0
75/25 43.0 32.0 8.0 17.0
75/25 41.0 . 32.0 8.0 19.0
75/25 41.0 32.0 8.0 19.0
75/25 41.0 32.0 8.0 19.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
70/30 45.0 33.0 8.0 14.0
70/30 45.0 33.0 8.0 14.0
70/30 45.0 33.0 8.0 14.0
70/30 50.0 28.0 8.0 14.0
70/30 50.0 28.0 8.0 14.0
70/30 50.0 28.0 8.0 14.0
100/0 50.0 28.0 8.0 14.0
100/0 50.0 28.0 8.0 14.0
100/0 50.0 28.0 8.0 14.0
100/0 45.0 31.0 8.0 16.0
100/0 45.0 31.0 8.0 16.0
100/0 45.0 31.0 8.0 16.0
70/30 45.0 31.0 8.0 16.0
70/30 45.0 31.0 8.0 16.0
70/30 45.0 31.0 8.0 16.0
100/0 50.0 26.0 8.0 16.0
100/0 50.0 26.0 8.0 16.0
100/0 50.0 26.0 8.0 16.0
70/30 50.0 26.0 8.0 16.0
70/30 50.0 26.0 8.0 16.0
70/30 50.0 26.0 8.0 16.0
70/30 40.0 40.0 0.0 8.0
70/30 40.0 40.0 0.0 8.0
70/30 40.0 40.0 0.0 8.0
70/30 40.0 40.0 0.0 10.0
70/30 40.0 40.0 0.0 10.0
70/30 40.0 40.0 0.0 10.0
70/30 40.0 40.0 0.0 12.0
70/30 40.0 40.0 0.0 12.0
70/30 40.0 40.0 0.0 12.0
70/30 43.0 38.0 8.0 11.0
70/30 43.0 38.0 8.0 11.0
70/30 43.0 38.0 8.0 11.0
65/35 43.0 38.0 8.0 11.0
65/35 43.0 38.0 8.0 11.0
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65/35 43.0 38.0 8.0 11.0
100/0 43.0 38.0 8.0 11.0
100/0 43.0 38.0 8.0 11.0
100/0 43.0 38.0 8.0 11.0
65/35 45.0 33.0 8.0 14.0
65/35 45.0 33.0 8.0 14.0
65/35 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
65/35 43.0 38.0 8.0 11.0
65/35 43.0 38.0 8.0 11.0
65/35 43.0 38.0 8.0 11.0
100/0 43.0 38.0 8.0 11.0
100/0 43.0 38.0 8.0 11.0
100/0 43.0 38.0 8.0 11.0
65/35 45.0 33.0 8.0 14.0
65/35 45.0 33.0 8.0 14.0
65/35 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
65/35 42.5 38.5 7.0 12.0
65/35 42.5 38.5 7.0 12.0
65/35 42.5 38.5 7.0 12.0
100/0 42.5 38.5 7.0 12.0
100/0 42.5 38.5 7.0 12.0
100/0 42.5 38.5 7.0 12.0
65/35 42.5 35.5 8.0 14.0
65/35 42.5 35.5 8.0 14.0
65/35 42.5 35.5 8.0 14.0
100/0 42.5 35.5 8.0 14.0
100/0 42.5 35.5 8.0 14.0
100/0 42.5 35.5 8.0 14.0
65/35 42.5 32.5 9.0 16.0
65/35 42.5 32.5 9.0 16.0
65/35 42.5 32.5 9.0 16.0
100/0 42.5 32.5 9.0 16.0
100/0 42.5 32.5 9.0 16.0
100/0 42.5 32.5 9.0 16.0
65/35 45.0 36.0 7.0 12.0
65/35 45.0. 36.0 7.0 12.0
65/35 45.0 36.0 7.0 12.0
100/0 45.0 36.0 7.0 12.0
100/0 45.0 36.0 7.0 12.0
100/0 45.0 36.0 7.0 12.0
65/35 45.0 33.0 8.0 14.0
65/35 45.0 33.0 8.0 14.0
65/35 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
100/0 45.0 33.0 8.0 14.0
65/35 45.0 30.0 9.0 16.0
65/35 45.0 30.0 9.0 16.0
65/35 45.0 30.0 9.0 16.0
100/0 45.0 30.0 9.0 16.0
100/0 45.0 30.0 9.0 16.0
100/0 45.0 30.0 9.0 16.0
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65/35 47.5 33.5 7.0 12.0
65/35 47.5 33.5 7.0 12.0
65/35 47.5 33.5 7.0 12.0
100/0 47.5 33.5 7.0 12.0
100/0 47.5 33.5 7.0 12.0
100/0 47.5 33.5 7.0 12.0
65/35 47.5 30.5 8.0 14.0
65/35 47.5 30.5 8.0 14.0
65/35 47.5 30.5 8.0 14.0
100/0 47.5 30.5 8.0 14.0
100/0 47.5 30.5 8.0 14.0
100/0 47.5 30.5 8.0 14.0
65/35 47.5 27.5 9.0 16.0
65/135 47.5 27.5 9.0 16.0
65/135 47.5 27.5 9.0 16.0
100/0 47.5 27.5 9.0 16.0
100/0 47.5 27.5 9.0 16.0
100/0 47.5 27.5 9.0 16.0
65/35 40.0 40.0 7.0 13.0
65/35 40.0 40.0 7.0 13.0
65/35 40.0 40.0 7.0 13.0
100/0 40.0 40.0 7.0 13.0
100/0 40.0 40.0 7.0 13.0
100/0 40.0 40.0 7.0 13.0
65/35 40.0 38.0 8.0 14.0
65/35 40.0 38.0 8.0 14.0
65/35 40.0 38.0 8.0 14.0
100/0 40.0 38.0 8.0 14.0
100/0 40.0 38.0 8.0 14.0
100/0 40.0 38.0 8.0 14.0
65/35 40.0 36.0 9.0 15.0
65/35 40.0 36.0 9.0 15.0
65/35 40.0 36.0 9.0 15.0
100/0 40.0 36.0 9.0 15.0
100/0 40.0 36.0 9.0 15.0
100/0 40.0 36.0 9.0 15.0
65/35 45.0 35.0 7.0 13.0
65/35 45.0 35.0 7.0 13.0
65/35 45.0 35.0 7.0 13.0
100/0 45.0 35.0 7.0 13.0
100/0 45.0 35.0 7.0 13.0
100/0 45.0 35.0 7.0 13.0
90/10 42.5 33.5 8.0 14.0
90/10 42.5 35.5 8.0 14.0
85/15 42.5 35, 8.0 14.0
85/15 42.5 35,5 8.0 14.0
80/20 42.5 35.5 8.0 14.0
80/20 42.5 35.5 8.0 14.0
65/35 45.0 31.0 9.0 15.0
65/35 45.0 31.0 9.0 15.0
65/35 45.0 31.0 9.0 15.0
100/0 45.0 31.0 9.0 15.0
100/0 45.0 31.0 9.0 15.0
100/0 45.0 31.0 9.0 15.0
65/35 42.5 37.5 7.0 13.0
65/35 42.5 37.5 7.0 13.0
65/35 42.5 37.5 7.0 13.0
100/0 42.5 37.5 7.0 13.0
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100/0
100/0
65/35
65/35
65/35
100/0
100/0
100/0
65/35
65/35
65/35
100/0
100/0
100/0
65/35
65\35
100 %
Sulfate
100 %
Sulfate

42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5
42.5

42.5

0.0

37.5
37.5
35.5
35.5
35.5
35.5
35.5
35.5
33.5
33.5
33.5
33.5
33.5
33.5
35.5
35.5
35.5

35.5
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BLEND# DENSITY KINDEX NPRIME PHASE COMPST REYNUM FPRES CRTFW HPRES

>

14.00 0.024 0.42 0.0 524 2500 4.0 45 2.3
Vs 12.10 0.038 0.38 0.0 642 1933 5.1 53 2.8
Vs 11.95 0.024 0.41 0.0 551 2560 3.8 44 2.3
8 12.16 0.023 0.42 0.0 655 2583 3.8 44 3.2
6 12.21 0.022 0.41 1.3 351 2849 3.5 41 3.2
v7 12.00 0.013 0.49 1.8 644 2932 3.3 40 2.0
A4 11.78 0.016 0.43 1.8 516 3249 2.9 38 2.0
V4 11.98 0.017 0.43 1.8 595 3294 3.0 38 2.7
v7 11.90 0.010 0.45 2.1 547 3729 2.6 34 1.8
v4 12.18 0.025 0.40 2.2 708 2658 3.7 43 2.8
1 12.12 0.024 0.42 2.4 182 2356 4.2 46 3.3
5 12.13 0.019 0.45 2.5 403 2698 3.7 43 3.0
v2 11.85 0.015 0.43 2.9 352 3689 2.6 35 2.0
7 12.23 0.021 0.49 1.6 620 1894 5.3 54 2.7
A4 12.20 0.011 0.49 1.6 798 3430 2.9 36 2.8
v7 12.15 0.008 0.53 1.9 278 4052 2.4 32 2.3
5 11.62 0.009 0.51 0.0 467 3613 2.6 35 2.2
5 11.92 0.033 0.41 2.5 603 1798 5.5 55 2.8
4 11.92 0.043 0.40 2.6 522 1529 6.3 61 4.2
3 11.65 0.004 0.61 0.0 354 5144 1.8 26 1.8
2 11.65 0.007 0.54 0.0 412 4040 2.3 32 3.8
1 11.95 0.051 0.38 0.0 626 1408 6.9 64 8.7
3 12.30 0.032 0.44 0.0 823 1639 6.1 59 6.7
2 11.90 0.020 0.48 0.0 565 2132 4.5 50 6.0
3 11.95 0.009 0.55 0.0 380 3158 3.1 38 3.8
6 11.70 0.004 0.59 0.0 430 5061 1.9 27 3.8
4 11.95 0.028 0.44 0.0 724 1836 5.3 55 5.3
5 11.95 0.035 0.41 0.0 602 1729 5.6 56 5.3
6 12.32 0.041 0.42 0.0 917 1458 6.9 63 3.3
6 12.05 0.011 0.53 0.0 625 2871 3.4 40 4.0
9 12.38 0.046 0.40 0.0 928 1426 7.1 64 6.5
9 11.76 0.004 0.62 0.0 456 4859 2.0 27 1.8
9 12.12 0.014 0.50 0.0 654 2719 3.6 42 4.0
5 11.61 0.006 0.58 1.0 355 3750 2.5 33 3.8
7 11.93 0.042 0.39 1.1 615 1598 6.1 59 2.8
1 11.62 0.011 0.50 l.2 324 3115 3.0 38 5.2
8 11.97 0.029 0.43 1.4 698 1910 5.1 53 3.2
v4 12.16 0.011 0.48 1.7 732 3900 2.5 33 2.2
V5 12.15 0.013 0.50 2.0 714 2794 3.5 41 2.0
VS 12.02 0.009 0.52 2.3 646 3641 2.7 34 2.0
7 12.18 0.039 0.36 1.4 478 2044 4.8 51 2.5
40 12.15 0.007 0.52 3.3 588 4808 2.1 29 3.5
9 12.30 0.025 0.39 3.5 653 2785 3.6 42 3.3
6 11.92 0.012 0.45 4.3 287 4142 2.3 32 2.8
3 12.18 0.016 0.44 4.3 317 3180 3.1 38 2.7
V4 11.82 0.012 0.44 4.8 547 4005 2.4 33 2.0
VS 11.50 0.008 0.48 4.9 370 5070 1.8 28 1.5
v7? 11.75 0.006 0.55 5.2 567 4652 2.1 29 1.5
v2 11.75 0.010 0.46 5.3 240 4383 2.2 31 1.7
7 11.88 0.014 0.45 5.3 303 3524 2.7 36 2.3
2 12.17 0.019 0.43 5.3 278 2860 3.5 41 2.0
4 10.00 0.012 0.45 6.6 351 3990 2.4 33 1.7
v2 11.55 0.006 0.51 6.9 292 5419 1.7 26 1.3
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12.50
11.80
11.95
11.58
11.85
11.82
11.86
11.60
1.86
11.80
12.20
11.60
12.02
11.45
11.95
11.56
11.38
12.17
11.45
12.02
11.50
11.56
11.86
11.50
11.53
11.96
11.48
11.80
11.86
11.50
11.75
11.82
11.52
11.48
11.35
11.68
11.48
11.10
11.02
12.15
12.10
12.08
12.20
11.92
12.16
11.90
11.80
12.35
11.82
11.80
12.15
11.90
12.20
11.86
12.22
11.92
11.95
11.50

0.007
0.011
0.012
0.007
0.011
0.010
0.009
0.006
0.007
0.006
0.008
0.006
0.006
0.005
0.004
0.004
0.004
0.007
0.004
0.005
0.002
0.005
0.005
0.004
0.003
0.005
0.004
0.003
0.005
0.006
0.003
0.004
0.003
0.003
0.002
0.002
0.003
0.003
0.002
0.043
0.028
0.007
0.040
0.005
0.022
0.006
0.015
0.013
0.020
0.004
0.014
0.017
0.013
0.009°
0.014
0.009
0.007
0.007

0.53
0.49
0.44
0.49
0.47
0.45
0.50
0.50
0.53
0.50
0.52
0.51
0.53
0.52
0.54
0.53
0.54
0.49
0.57
0.51
0.66
0.53
0.54
0.52
0.58
0.55
0.53
0.59
0.48
0.50
0.53
0.55
0.59
0.58
0.61
0.63
0.55
0.48
0.54
0.45
0.49
0.54
0.44
0.57
0.49
0.54
0.50
0.53
0.48
0.57
0.52
0.49
0.53
0.57
0.53
0.54
0.57
0.55
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535
133
452
386
446
245
335
385
177
469

294
522
114
287
261
255
937
527
1097
146
219
345
421
140
262
347
483
800
224
964
446
305
355
991
239
592
447
608
299
588
532
540
271
434
450
469
707
234
241
634
382
493
348
591
455
422
160

4873
3755
4126
5945
3952
4674
4180
6015
4623
5998
4246
5661
5050
5923
7130
6769
6790
6137
6668
7420
7373
5700
5943
8944
7036
5648
8016
6571
7552
6327
9055
6780
8295
8937
11485
8180
8552
11108
12721
1167
1444
4326
12580
4925
1752
5148
2424
2598
2063
5887
2450
2297
2443
2878
2355
3152
3643
3725
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11.90
11.52
11.46
12.00
11.00
11.52
11.60
11.90
11.58
11.46

9.55
11.56
11.65
11.90
12.22
12.21
12.25
12.18
12.25
11.58
11.92
11.90
12.25
11.98
11.46
12.25
12.22
12.45
11.62
11.92
11.56
12.05
12.01
11.71
11.60
11.65
11.70
12.25
12.22
12.25
12.30
12.25
12.22
12.10
12.20
12.10
11.62
11.92
12.02
12.05
11.85
11.85
12.12
11.85
11.72
11.77
11.95
11.60

0.006
0.004
0.002
0.005
0.006
0.005
0.008
0.006
0.005
0.003
0.003
0.004
0.003
0.064
0.126
0.074
0.111
0.102
0.097
0.014
0.022
0.028
0.070
0.012
0.011
0.036
0.029
0.027
0.007
0.014
0.004
0.011
0.014
0.004
0.008
0.005
0.004
0.184
0.106
0.115
0.138
0.094
0.114
0.012
0.008
0.008
0.008
0.006
0.007
0.006
0.009
0.007
0.007
0.005
0.005
0.006
0.005
0.011

0.59
0.54
0.60
0.60
0.58
0.57
0.52
0.60
0.57
0.62
0.62
0.57
0.63
0.35
0.36
0.36
0.34
¢.36
0.35
0.16
0.45
0.45
0.38
0.52
0.51
0.44
0.46
0.47
0.53
0.51
0.60
0.53
0.50
0.59
0.54
0.58
0.61
c.31
0.32
0.33
0.31
0.34
0.34
0.51
0.53
0.51
0.53
0.53
0.52
0.54
0.53
0.54
0.56
0.56
0.54
0.55
0.57
0.51
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463
340
152
635
329
225
323
500
370
334
385
404
536
426
603
604
787
751
765
311
465
531
672
432
438
710
575
813
378
591
369
657
558
628
468
476
444
785
986
961
805
824
733
340
797
387
350
332
573
734
280
584
385
567
265
308
388
510

4019
7446
8308
4221
3822
4790
4119
3691
5185
6050
4805
5677
6306
1334
653
1095
839
795
914
3140
2119
1772
1057
2870
3112
1487
1687
1656
4

2471
5043
2979
2706
4970
3416
4246
4855

579

971

839

784
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2952
3866
4261
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3210

NNVNONOPOVAWOVOVOWROVUNOSMUOAOVULVRNWUNAUDAWOWWR WD

[

NOUOMNMMNRPWWRWNONAWWOURAWONRFRFOYOANRFPRREPRPREONNNMNNNREREN

o e
. e e e s e e e e e e e

NNV REODNMNNNDMORENDNDNDW
WORPOAONUNMNNPOUVLRWOAW

CQUUWWONNPOUVOPWNWLWONWNWNOWWNINNNOOVNONLWNOUWONNDODLWWOONOWWNNNMNWLWODWY

LY

oy
NRPRPRHRPHEHPRPRPREOROROBNRNORFRPRORRPRENRONWONNWNRPOWOARUOURRERHERRENREFRRRER
» . . 3 . - 3 . . . . - - 3 3 3 3 - - . - '} . . - . . . .



153

11.65 0.00¢9 0.53 9.2 479 3606
11.50 0.004 0.58 10.4 417 6565
11.82 0.005 0.53 10.4 554 5871
11.75 0.004 0.58 11.3 360 5783
11.38 0.003 0.58 12.2 242 8200
11.40 0.003 0.62 14.4 174 6772
11.52 0.003 0.56 15.5 314 7941
11.50 0.003 0.61 16.8 528 7812
11.36 0.003 0.61 17.5 192 7608
12.06 0.007 0.53 2.3 420 4444
12.15 0.007 0.51 2.4 458 4632
12.15 0.008 0.51 2.4 390 4127
11.65 0.006 0.49 6.9 288 6079
11.85 0.006 0.52 8.2 303 5694
11.85 0.005 0.54 9.2 374 6529
11.52 0.003 0.55 12.4 332 8582
11.46 0.003 0.55 15.2 273 8537
11.47 0.004 0.53 18.5 277 7427
11.88 0.015 0.42 1.7 272 3738
12.10 0.025 0.38 1.3 403 3013
12.18 0.037 0.35 0.6 403 2279
11.90 0.007 0.58 11.8 485 3427
12.02 0.011 0.55 12.1 515 2606
12.15 0.015 0.53 7.0 580 2248
11.88 0.019 0.41 1.5 437 3206
12.08 0.028 0.38 0.4 369 2600
12,22 0.036 0.37 0.4 423 2113
11.90 0.008 0.56 11.9 413 3174
12.12 0.029 0.45 0.0 373 1728
12.20 0.016 0.52 5.0 678 2028
12.00 0.021 0.40 1.7 354 3045
12.18 0.028 0.39 1.7 445 2429
12.32 0.043 0.37 0.0 574 1817
11.98 0.010 0.55 6.6 488 2853
12.15 0.017 0.51 4.1 547 2109
12.21 0.023 0.49 2.6 618 1706
11.92 0.012 0.46 3.4 245 3959
12.04 0.016 0.44 0.7 358 3243
12.20 0.024 0.41 0.2 424 2542
11.92 0.014 0.45 1.8 319 3593
12.05 0.021 0.41 1.2 381 2853
12.17 0.024 0.41 0.0 479 2535
11.92 0.018 0.43 1.4 356 2999
12.12 0.029 0.39 0.5 437 2305
12.22 0.049 0.35 0.0 533 1718
11.90 0.009 0.57 2.9 312 2780
12.03 0.020 0.46 1.2 a87 2331
12.18 0.041 0.36 0.0 453 1932
11.90 0.016 0.49 3.9 330 2459
12.10 0.022 0.45 0.6 409 2247
12.22 0.042 0.38 0.0 520 1755
11.92 0.035 0.38 0.0 394 2022
12.11 0.040 0.38 0.0 486 1775
12.22 0.064 0.33 0.0 527 1545
11.92 0.010 0.53 20.0 562 2966
12.10 0.016 0.51 4.9 627 2262
12.22 0.023 0.49 5.0 650 1709
12.37 0.036 0.46 1.2 759 1321
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11.90
12.02
12.09
12.28
11.86
12.02
12.14
12.32
11.99
12.13
12.25
11.98
12.07
12.25
11.88
12.03
12.13
11.85
12.10
12.16
11.56
12.00
12.25
11.65
11.96
12.26
11.66
12.01
12.33
11.65
11.98
12.29
11.50
11.92
12.25
11.58
11.98
12.20
11.60
12.00
12.30
11.65
12.00
12.30
11.50
11.82
12.15
11.48
11.80
12.11
11.54
11.80
12.10
11.42
11.85
12.15
11.62
11.92

0.015
0.021
0.033
0.052
0.019
0.032
0.042
0.065
0.007
0.010
0.017
0.010
0.017
0.023
0.018
0.028
0.046
0.026
0.044
0.084
0.002
0.003
0.006
0.002
0.005
0.017
0.002
0.004
0.018
0.002
0.003
0.006
0.003
0.004
0.010
0.005
0.016
0.059
0.002
0.004
0.008
0.003
0.010
0.048
0.002
0.003
0.005
0.002
0.003
0.005
0.002
0.003
0.004
0.002
0.002
0.003
0.002
0.003

0.51
0.49
0.46
0.44
0.49
0.45
0.44
0.42
0.58
0.56
0.53
0.56
0.52
0.51
0.51
0.48
0.45
0.49
0.44
0.40
0.62
0.61
0.58
0.66
0.62
0.50
0.71
0.65
0.50
0.63
0.64
0.58
0.61
0.59
0.53
0.59
0.49
0.38
0.64
0.58
0.55
0.63
0.54
0.40
0.64
0.60
0.59
0.62
0.59
0.58
0.64
0.62
0.62
0.67
0.65
0.63
0.69
0.66
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23.1
18.0

18.9
14.2

16.5
12.8

326
449
530
567
287
372
407
524
642
687
700
417
488
528
323
396
487
282
350
358
176
238
284
303
261
371
351
389
486
300
369
490
185
223
249
206
263
353
310
382
461
345
365
462
372
516
672
355
479
614
365
419
602
508
562
618
306
391

2453
1891
1378
1004
2079
1521
1226

925
3271
2547
1937
2680
1950
1582
1953
1516
1095
1543
1146

782
8410
6087
4159
6210
3915
2233
6592
4045
2162
8337
6327
4225
7431
5230
3291
4703
2484
1215
7637
5431
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2914
1394
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8734
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6780
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12.23
11.60
11.92
12.22
11.63
11.95
12.30
11.50
11.95
12.25
11.60
11.90
12.21
11.50
11.88
12.18
11.60
11.93
12.23
11.55
11.90
12.28
11.93
12.11
12.22
11.92
12.10
12.26
11.92
12.11
12.20
11.93
12.11
12.25
11.93
12.10
12.22
11.92
12.05
12.25
11.95
12.11
12.30
11.94
12.12
12.26
11.95
12.13
12.28
11.97
12.15
12.27
11.92
12.11
12.26
11.99
12.10
12.26

0.008
0.003
0.006
0.013
0.002
0.005
0.017
0.005
0.010
0.021
0.001
0.001
0.002
0.001
0.002
0.003
0.001
0.002
0.004
0.001
0.003
0.004
0.005
0.007
0.013
0.006
0.007
0.010
0.007
0.011
0.029
0.007
0.012
0.015
0.013
0.029
0.054
0.010
0.013
0.022
0.004
0.005
0.007
0.005
0.007
0.009
0.007
0.011
0.023
0.009
0.013
0.020
0.017
0.037
0.057
0.010
0.015
0.024

0.58
0.58
0.51
0.46
0.67
0.61
0.51
0.53
0.47
0.43
0.77
0.77
0.76
0.68
0.64
0.64
0.74
0.75
0.71
0.68
0.62
0.61
0.61
0.58
0.53
0.52
0.52
0.51
0.59
0.55
0.46
0.52
0.48
0.46
0.53
0.45
0.42
0.50
0.48
0.44
0.64
0.62
0.61
0.55
0.52
0.52
0.58
0.55
0.49
0.48
0.46
0.43
0.50
0.45
0.42
0.49
0.47
0.43
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376
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298
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415
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454
544
278
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2965
7845
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2089
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4465
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7281
5319
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12.00 0.004 0.63 6.5 428 4498
12.12 0.007 0.57 5.5 523 3399
12.35 0.00¢9 0.58 5.9 550 2869
11.95 0.007 0.52 5.5 266 4889
12.18 0.009 0.50 3.6 318 4245
12.30 0.012 0.47 1.5 382 3551
12.10 0.008 0.57 7.2 574 3416
12.18 0.014 0.52 5.0 666 2391
12.29 0.024 0.49 3.6 682 1708
11.99 0.009 0.49 1.7 387 4356
12.12 0.012 0.48 1.9 458 3492
12.29 0.017 0.45 0.3 521 2823
12.00 0.013 0.52 6.8 387 2526
12.15 0.020 0.50 4.7 528 1866
12.30 0.036 0.46 2.8 611 1294
12.02 0.010 0.49 2.7 405 2440
12.10 0.016 0.46 1.6 346 3043
12.30 0.021 0.44 0.0 405 2440
11.90 0.004 0.64 3.8 295 3803
12.06 0.009 0.57 2.6 377 2907
12.21 0.017 0.51 1.2 428 2116
11.91 0.006 0.54 2.9 191 5284
12.08 0.006 0.56 2.4 220 4296
12.23 0.009 0.53 0.0 260 3547
11.90 0.011 0.53 2.6 236 2869
12.04 0.021 0.47 1.6 302 2068
12.20 0.046 0.41 0.0 357 1344
11.90 0.008 0.52 2.4 177 4075
12.10 0.009 0.53 1.4 186 3634
12.22 0.013 0.49 0.0 233 2933
11.91 0.013 0.51 2.5 278 2588
12.10 0.023 0.47 0.8 288 1949
12.19 0.057 0.39 0.0 380 1216
11.90 0.008 0.51 3.6 155 4243
12.00 0.011 0.50 1.9 189 3347
12.20 0.014 0.51 0.3 216 2577
12.00 0.008 0.55 5.6 291 3634
12.15 0.013 0.51 4.6 380 2797
12.24 0.020 0.49 3.5 480 2027
12.00 0.007 0.50 4.9 241 4955
12.10 0.009 0.49 3.6 267 4114
12.22 0.012 0.49 2.0 329 3297
12.00 0.005 0.58 6.0 195 4593
12.12 0.006 0.58 2.9 212 381s
11.94 0.006 0.56 6.6 183 4246
12.09 0.007 Q.57 5.4 243 3473
11.93 0.006 0.60 8.2 236 3662
12.09 0.011 0.52 5.0 269 2910
11.95 0.015 0.50 3.0 444 2548
12.10 0.021 0.49 3.2 404 1874
12.26 0.035 0.46 1.4 535 1361
11.96 0.009 0.51 2.0 231 4044
12.15 0.013 0.48 1.0 278 3251
12.26 0.020 0.45 0.0 353 2564
11.95 0.007 0.56 5.9 291 3509
12.08 0.017 0.48 4.8 347 2407
12.24 0.032 0.45 2.1 438 1586
11.93 0.007 0.53 4.8 193 4839
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12.17 0.008 0.53 4.1 215 3973
12.19 0.014 0.48 1.3 240 3064
11.98 0.013 0.51 8.3 591 2707
12.03 0.015 0.54 6.1 507 2037
12.20 0.039 0.44 2.5 515 1365
11.95 0.009 0.50 1.7 220 4290
12.07 0.010 0.50 0.8 240 3526
12.20 0.015 0.49 0.2 354 2765
11.91 0.015 0.49 4.3 313 2459
12.11 0.024 0.47 3.4 393 1824
12.21 0.037 0.45 0.9 395 1335
11.91 0.010 0.49 3.5 248 4024
12.09 0.014 0.46 0.7 303 3235
12.25 0.020 0.45 0.0 350 2520
11.92 0.020 0.46 0.9 402 2348
12.11 0.052 0.36 0.0 476 1543
11.93 0.008 0.51 1.1 256 4126
12.10 0.012 0.48 0.0 327 3521
0.00 0.000 0.00 0.0 0 0
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APPENDIX J

This appendix contains graphical representations of the results from
experiments performed using aluminum phosphate (Table 13). The plots

illustrate the effect of mix ratio and cement content on the various grout

properties.



CRITICAL FLOW RATE (gal/min)
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10 min GEL STRENGTH (1b/100ft~2)

10 min GEL STRENGTH VS MIX RATIO
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DRAINABLE WATER (volX)

DRAINABLE WATER VS. MIX RATIO
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CRITICAL FLOW RATE (gal/min)

CRITICAL FLOW RATE VS MIX RATIO
65/35% SULFATE/PHOSPHATE WASTE —-- HIGH CEMENT (47.5 wtX)
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10 min GEL STRENGTH (1b/100ft"2)

10 min GEL STRENGTH VS MIX RATIO
65/35% SULFATE/PHOSPHATE WASTE -~ HIGH CEMENT (47.5 wtX)

20
o BLEND 32
e BLEND 33
15 4+
a BLEND 34
— ;
10 4+ w
U/d—g___—/—b
5..-
0 ; + %
7.5 8.0 8.5 9.0 9.5

MIX RATIO (1b/gal)



DRAINABLE WATER (volX)

DRAINABLE WATER VS. MIX RATIO

65/35 SULFATE/PHOSPHATE WASTE -- HIGH CEMENT (47.5 wtX)
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COMPRESSIVE STRENGTH (psi)

COMPRESSIVE STRENGTH VS MIX RATIO
100X% SULFATE WASTE -- MEDIUM CEMENT (45 wtX)
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CRITICAL FLOW RATE (gal/min)

CRITICAL FLOW RATE VS MIX RATIO
100X SULFATE WASTE ~-- MEDIUM CEMENT (45 wtX)
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10 min GEL STRENGTH (1b/100ft~2)

10 min GEL STRENGTH VS MIX RATIO
100X SULFATE WASTE -- MEDIUM CEMENT (45 wtX)
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DRAINABLE WATER (volX)

DRAINABLE WATER VS MIX RATIO
100X SULFATE WASTE -- MEDIUM CEMENT (45 wtX)
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COMPRESSIVE STRENGTH (psi)

COMPRESSIVE STRENGTH VS MIX RATIO
65/35% SULFATE/PHOSPHATE WASTE -- MEDIUM CEMENT (45 wtX)
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CRITICAL FLOW RATE

CRITICAL FLOW RATE VS MIX RATIO
65/35% SULFATE/PHOSPHATE WASTE ~- MEDIUM CEMENT (45 wtX)
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10 min GEL STRENGTH (1b/100ft"2)

10 min GEL STRENGTH VS MIX RATIO
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DRAINABLE WATER (volX)

DRAINABLE WATER VS MIX HATIO
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CRITICAL FLOW RATE (gal/min])

CRITICAL FLOW RATE VS MIX RATIO

100 X SULFATE WASTE -- LOW CEMENT (42.5 wtX)
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DRAINABLE WATER (vo01lX)

DRAINABLE WATER VS MIX RATIO
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CRITICAL FLOW RATE (gal/min)

CRITICAL FLCW RATE VS MIX RATIO
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DRAINABLE WATER (volX)

DRAINABLE WATER VS MIX RATIO
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APPENDIX K
RESULTS OF ACCEPTABLE GROUTS PRODUCED WITHOUT THE USE OF AN ADMIXTURE

This appendix contains the results of acceptable grouts produced
without the use of an admixture. Acceptability is based on the new

% vol % drainable water and a critical flow rate <60 gpm,



180

BLEND# SULF/PHOS CEMENT FLY ASH IRPC ATTAG MIXRAT

4 100/0 45.0 33.0 6.0 6.0 9.0
A% 100/0 50.0 28.0 8.0 0 9.0
V5 100/0 50.0 28.0 8.0 . o 8.5
8 100/0 50.0 28.0 8.0 14.0 9.0
6 100/0 45.0 33.0 10.0 12.0 9.0
v7 100/0 41.0 37.0 8.0 14.0 9.0
V5 100/0 50.0 28.0 8.0 14.0 8.0
V4 100/0 50.0 31.0 8.0 11.0 8.5
v7 100/0 41.0 37.0 8.0 14.0 8.5
V4 100/0 50.0 31.0 8.0 11.0 9.0
1l 100/0 40.0 38.0 6.0 l6.0 9.0
5 100/0 45.0 33.0 8.0 14.0 9.0
\'Z 100/0 41.0 40.0 8.0 11.0 8.5
7 75/25 50.0 28.0 6.0 16.0 9.0
V5 75/25 50.0 28.0 8.0 14.0 9.0
v7 75/25 41.0 37.0 8.0 14.0 9.0
5 50/50 45.0 33.0 8.0 14.0 7.0

50/50 45.0 33.0 8.0 14.0 8.0
3 25/75 40.0 38.0 10.0 12.0 7.0
2 25/75 40.0 38.0 8.0 14.0 7.0
3 25/75 40.0 38.0 10.0 12.0 9.0
2 25/75 40.0 38.0 8.0 14.0 8.0
3 25/75 40.0 38.0 10.0 12.0 8.0
6 25/75 45.0 33.0 10.0 12.2 7.0
4 25/75 45.0 33.0 6.0 16.0 8.0
5 25/75 45.0 33.0 8.0 14.0 8.0
6 25/75 45.0 33.0 10.0 12.0 8.0
9 25/75 50.0 28.0 10.0 12.0 7.0
9 25/75 50.0 28.0 10.0 12.0 8.0
5 25/75 45.0 33.0 8.0 14.0 7.0
7 25/75 50.0 28.0 6.0 16.0 8.0
1l 25/75 40.0 38.0 6.0 16.0 7.0
8 25/75 50.0 28.0 8.0 14.0 8.0
V4 75/25 50.0 31.0 8.0 11.0 9.0
V5 25/75 50.0 28.0 8.0 14.0 9.0
V5 25/75 50.0 28.0 8.0 14.0 8.5
7 100/0 50.0 28.0 6.0 16.0 9.0
9 100/0 50.0 28.0 10.0 12.0 9.0
6 100/0 45.0 33.0 10.0 10.0 8.0
3 100/0 40.0 38.0 10.0 12.0 9.0
V4 100/0 50.0 31.0 8.0 11.0 8.0
V5 100/0 50.0 28.0 8.0 14.0 7.0
V5 75/25 5n.0 28.0 8.0 14.0 8.5
v7 75/25 41.0 37.0 8.0 14.0 8.%
1 50/50 40.0 38.0 6.0 16.0 7.0
2 50/50 40.0 38.0 8.0 14.0 8.0
7 50/50 50.0 28.0 6.0 16.0 8.0
3 50/50 40.0 38.0 10.0 12.0 8.0
v7 25/75 41.0 37.0 8.0 14.0 9.0
V4 25/75 50.0 31.0 8.0 11.0 9.0
A\ 25/75 41.0 40.0 8.0 11.0 9.0
8 25/75 50.0 28.0 8.0 16.0 7.0
v2 25/75 41.0 40.0 8.0 11.0 8.5
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100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
70/30 47.0 30.0 8.0 15.0
70/30 47.0 30.0 8.0 15.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 3.0 16.0
70/30 49.5 25.5 9.0 16.0
70/30 49.5 25.5 9.0 16.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0 14.

100/0 44.5 34.5 7.0  14.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 44.5 34.5 7.0 14.0
100/0 44.5 34.5 7.0  14.0
100/0 44.5 34.5 7.0 14.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 47.0 30.0 8.0 15.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
100/0 49.5 25.5 9.0 16.0
70/30 47.0 31.0 8.0 14.0
70/30 47.0 31.0 8.0 14.0
75/25 50.0 28.0 8.0 14.0
75,25 46.0 30.0 8.0 16.0

a4 * & @ e ¥ & 8 & 9 B & & P & & o s s s o
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APPENDIX L

RESULTS OF ACCEPTABLE GROUTS PRODUCED WHEN AN ALUMINUM PHOSPHATE
WAS USED

This appendix contalns the results of acceptable grouts produced when
an aluminum phosphate admixture was used. The admixture was added to the
wagte prior to the addition of the dry solids blend. The amount of
admixture is 1 wt? of the amount of dry-solids blend.
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BLEND# SULF/PHOS CEMENT FLY ASH IRPC ATTAG MIXRAT VISC GELST

26 65/35 43.0 38.0 8.0 11.0 7.0 13 7
26 65/35 43.0 38.0 8.0 11.0 8.0 19 8
26 65/35 43.0 38.0 8.0 11.0 9.0 29 13
26 100/0 43.0 38.0 8.0 11.0 8.0 15 20
26 100/0 43.0 38.0 8.0 11.0 9.0 21 27
5 65/35 45.0 33.0 8.0 14.0 8.0 23 9
5 65/35 45.0 33.0 8.0 14.0 9.0 39 12
5 100/0 45.0 33.0 8.0 14.0 8.0 18 24
5 100/0 45.0 33.0 8.0 14.0 9.0 28 33
27 65/35 42.5 38.5 7.0 12.0 8.0 22 8
27 65/35 42.5 38.5 7.0 12.0 8.5 25 11
27 65/35 42.5 38.5 7.0 12.0 9.0 34 13
27 100/0 42.5 38.5 7.0 12.0 8.0 14 20
27 100/0 42.5 38.5 7.0 12.0 8.5 18 25
27 100/0 42.5 38.5 7.0 12.0 9.0 22 31
28 65/35 42.5 35.5 8.0 14.0 8.0 26 11
28 65/35 42.5 35.5 8.0 14.0 8.5 32 12
28 65/35 42.5 35.5 8.0 14.0 9.0 47 15
28 100/0 42.5 35.5 8.0 14.0 8.0 17 20
28 100/0 42.5 35.5 8.0 14.0 8.5 21 25
28 100/0 42.5 35.5 8.0 14.0 9.0 26 26
29 65/35 42.5 32.5 9.0 16.0 8.0 32 13
29 65/35 42.5 32.5 9.0 16.0 8.5 46 16
29 100/0 42.5 32.5 9.0 16.0 8.0 20 25
29 100/0 42.5 32.5 9.0 16.0 8.5 25 27
29 100/0 42.5 32.5 2.0 16.0 9.0 33 32
30 65/35 45,0 36.0 7.0 12.0 8.0 20 9
30 65/35 45.0 36.0 7.0 12.0 8.5 25 10
30 65/35 45.0 36.0 7.0 12.0 9.0 29 12
30 100/0 45.0 36.0 7.0 12.0 8.5 16 24
30 100/0 45.0 36.0 7.0 12.0 9.0 20 32
5 65/35 45.0 33.0 8.0 14.0 8.0 25 10
5 65/35 45.0 33.0 8.0 14.0 8.5 32 12
5 65/35 45.0 33.0 8.0 14.0 9.0 45 14
5 100/0 45.0 33.0 8.0 14.0 8.5 22 26
5 100/0 45.0 33.0 8.0 14.0 9.0 27 29
31 65/35 45.0 30.0 9.0 16.0 8.0 36 9
31 100/0 45.0 30.0 9.0 16.0 8.0 20 17
31 100/0 45.0 30.0 9.0 16.0 8.5 26 18
31 100/0 45.0 30.0 9.0 16.0 9.0 33 22
32 100/0 47.5 33.5 7.0 12.0 8.5 19 15
32 100/0 47.5 33.5 7.0 12.0 9.0 22 18
33 65/35 47.5 30.5 8.0 14.0 9.0 47 11
33 100/0 47.5 30.5 8.0 14.0 8.0 18 17
33 100/0 47.5 30.5 8.0 14.0 8.5 22 19
33 100/0 47.5 30.5 8.0 14.0 9.0 28 22
34 65/35 47.5 27.5 9.0 16.0 8.5 43 11
34 100/0 47.5 27.5 9.0 16.0 8.0 20 18
34 100/0 47.5 27.5 9.0 16.0 8.5 25 20
34 100/0 47.5 27.5 9.0 16.0 9.0 32 23
35 65/35 40.0 40.0 7.0 13.0 8.0 23 7
35 65/35 40.0 40.0 7.0 13.0 8.5 29 10
35 65/35 40.0 40.0 7.0 13.0 9.0 38 12
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100/0 40.0 40.0 7.0 13.0
100/0 40.0 40.0 7.0 13.0
100/0 40.0 40.0 7.0 13.0
65/35 40.0 38.0 8.0 14.0
65/35 40.0 38.0 8.0 14.0
100/0 40.0 38.0 8.0 14.0
100/0 40.0 38.0 8.0 14.0
100/0 40.0 38.0 8.0 14.0
65/35 40.0 36.0 9.0 15.0
65/35 40.0 36.0 9.0 15.0
100/0 40.0 36.0 9.0 15.0
100/0 40.0 36.0 9.0 15.0
100/0 40.0 36.0 9.0 15.0
65/35 45.0 35.0 7.0 13.0
65/35 45.0 35.0 7.0 13.0
100/0 45.0 35.0 7.0 13.0
100/0 45.0 35.0 7.0 13.0
100/0 45.0 35.0 7.0 13.0
90/10 42.5 35.5 8.0 14.0
80/20 42.5 35.5 8.0 14.0
65/35 45.0 31.0 9.0 15.0
65/35 45.0 31.0 9.0 15.0
100/0 45.0 31.0 9.0 15.0
100/0 45.0 31.0 9.0 15.0
100/0 45.0 31.0 9.0 15.0
65/35 42.5 37.5 7.0 13.0
65/35 42.5 37.5 7.0 13.0
100/0 42.5 37.5 7.0 13.0
100/0  42.5 37.5 7.0 13.0
100/0 42.5 37.5 7.0 13.0
100/0 42.5 35.5 8.0 14.0
100/0 42.5 35.5 8.0 14.0
100/0 42.5 35.5 8.0 14.0
65/35 42.5 33.5 9.0 15.0
65/35 42 .5 33.5 9.0 15.0
100/0 42.5 33.5 9.0 15.0
100/0 42 .5 33.5 9.0 15.0
100/0 42.5 33.5 9.0 15.0
65/35 42.5 35.5 8.0 14.0
65\35 42.5 35.5 8.0 14.0
100 % 42. 35.5 8.0 14.0
Sulfate
100 % 42.5 35.5 8.0 14.0

Sulfate
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APPENDIX M

This appendix contains the results of EP Toxlicity leach testing performed
on the following samples:

28-1L-65-35-E: Blend 28, mix ratio of 9 1b/gal,
65/35 sulfate/phosphate waste

28-1-100-E: Blend 28, mix ratio of 9 1b/gal,
100% sulfate waste

35-1-65~35-E: Blend 35, mix ratio of 9 1b/gal,
65/35 sulfate/phosphate waste

35-1-100-E: Blend 35, mix ratio of 9 1b/gal,
100% sulfate waste

Duplicate testing was performed on each of the samples.



Cuctoacr Nawe!

Customer Saarle Nomber! 28-1-65-35-€

Oak. Ridde Gaseous Diffusion Plant
An2lutical Cheaisteu Nesarisent

Results of Analusece

SANS

Lab Seeple Nugber!

g70277-1°1

Date Saarle Received: 27-FFB-1987 Nate Saprle Coseleted! 9-AFR-1987
Ilate Sampled: Saapled Ru!
Material Deseription!  EF TNYICITY TFST SAMFLES Req. Nuypher:
Activitu Preraration Analusis
Nuaber  Procedure No.  Procedure No. fnalvsic fecylt Unite An2lvet
090207 EPA-A010 EPA-401D Rarine (EP-TOY) £,49 ws/L Ff HFSTEF
EPA-6010 EPA-5010 Cadaius (FP-TDX) <0.0030 aeL EA HESTER
EPA-4010 FPA-6010 Chrosiua (FP-TOY} 0.072 mnd/l F& HESTER
EPA-6010 EPA-6010 Lead (EF-TOX) {0,050 ee/L €A HFSTER
FPA-4A010 EPA-4010 Siluer (EP-TOYY .00 pe/l U& KECTER
102007 EPA-7060 Arsenic (EP-TOY) £0.005 aea/L NR HAFOLD
EPA-/740 Seleniue (FP-TOY) 0,005 ad/L NR HAFNLD
103008  EPA-7470 EPA-7470 Mercury (FP-TOX) 0.0005 pd/L L. SrHAEFER
170303 EPA-1310 EP-T0X Extraction C [ CRUTCHFIFID B

Frograe Hanagar: LW Helzhon

Date Appruvog®

9-4FR-1727

liate
Comeleler

2-4pP-1877
2-pPR-160"
3-4FR-1087
A-SPR-1087
3-HFF-1087

C-{PR-1987
2-4FR-1007

“-AFR-19R7

2-HFF-19R7

981



03k Ridde Gaseous Diffusion Plant
Analstical Chemistrs Derarteent
Results of Analusess

Custoner Nawe: SAHS
Customer Szmple Number!: 28-1-465-35-E Lab Sasple Nusber: 870227-191
fiate Sasrle Received: 27-FEE-1987 Date Sasrle Comrleled: §-AFK-1987
[iate Sasrled:. Saarled By
Haterial Descristiond  EF TOXICITY TESY SAMFLES Rea. Nuaber:
netivity Preraration fnalssas Bate
Nusber Procedure No. Frocedure No. hnalysis Result Umis Analyst Coar.etec
090207 EPA-6G10 EFA-4010 Bariun (EP-T0X) 0.49 ad/L EA HESTER a-AFR-1527
EPA-5010 EFA-56010 Cadaiva {EP-TDX) <0.0030 asg/L th HESTER B-APR-1987
EFA-6010 EPA~601C Chromius (EF-T0X) 0.022 ad/L EA HESTEE 8-APR-1587
EPA~4010 EPA-5601C Lead (EP-TOX) <0.050 masL En HESTER 8-aFE-1967
EPA-6010 EPA-801G Silver (EF-TOX) <0.010 ws/L EA HESTER B-AFR-1SET
102097 EFA-7060 Arsenic (EP-TOX) <0.005 ss/L Nb HAROLD 9-hPE-1987
EFA-7740 Seleraus (EF-TOX) 0,005 ms/L NB HAROLD 9-APR-1987
103008 EPA-7470 EPA-7470 Kercury (EP-TOX) 0.0005 ag/L C. SCHAEFER 7-4PR-1967
176303 EFn-1310 EF-TOX extraction C C CRUTCHFIELD J& 2-AFE-1987

Frogras Manacer: LW Ncdshon
Dale Assraved: 9-AFR-1987
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O3k Ridde Gaseous Diffusion Plant
Analytical Cheaistry Derarteent
Results of Analusess

Customer Name: SANS
Customer Samele Number: 28-L-100-E Lab Sasrle Number! 820227-192
Date Samrle Received:  27-FEB-1967 Date Saarle Comrleled: 9-APE-1987
Date Samrled: Sasrled Bu!
Hateri1al Descrirtiont EF TOXICITY TEST SAMFLES Rea. Nusber:
fctivits Preraration Analysis fiete
Nuaber Frocedure No. Frocedure No. Analysis Result Urts Analyst Comrletec
090207 EPA-6010 EPA-6010 Barius (EF-T0X) 0.67 g/t EA HESTER B-AFR-1987
tFa-4010 tPa-6010 Cadaiue (EP-TOX) €0,0030 as/L EA HESTER 8-AFk-1987
EP4-6010 EPA-4010 Chrosius (EP-TOX) 0.049 ag/L EA HESTEE B-APR-1967
EFA-601G EPA-4010 Lead (EP-TOX) 0.<30 wa/L EA HESTER B-AFR-19E7
EPA-601C EF&-£010 Silver (EP-T0X) 0,010 g/l E4 HESTER 8-APR-1987
102007 EPA-7060 krsenic (EP-TOX) <0.,005 wd/L NB HAROLD 9-aPk-1937
EPH-7740 Seleniua (EP-TOX) {0,005 w9/l NB HAROLD -APR-1987
103008  EPa-7470 EPA-7470 Nercyry (EP-TOX) 0.0013 ws/L C. SCHAEFER 7~AFR-1987
170303 EPA-1310 EF-T0X Extraction C C CRUTCHFIELD JR -AFR-19B7

Frogras Manader: LW McHahon
Date Arproved: 9-APR-1987

88T
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Dak Ridge Gaseous Diffusion Plant
Analutical Cheaistry Departaent
Resulls of Analysess

Custoser Name: SanS
Custoser Sasrle Musber! 35-1-65-35-F Lab Sasrle Nuaber: 870227-193
Date Saarle Recelved: 27-FEK-1987 Date Sassle Conpleted! 9-APR-1987
Date Saarled: Saarled By
Kateri1al Descrirbion: EP TOXICITY TEST SAMPLES Rea. Nusber:
fictivity Preraration Analysis
Nusber Procedure No» Procedure No. Analysic Kesult Units Analust
090207 EPA-4010 EPA-6010 Barium (EP-T0X) 0.67 as/L EA HESTER
EPA-6010 EPA-6010 Cadaius (EP-TOX) <0.0030 asd/L EA HESTER
ePa-6010 EP&-6010 Chromiua (EP-TOX) 0,037 e/l €A HESTER
EPA-6010 EPA-6010 Lead (EP-TOX) £0.050 ad/L EA MESTER
EFA-56010 EPA-6010 Silver (EP-TOX} <0.010 wq/L EA HESTER
102007 EPA-7040 Arsenic (EP-TOX) 0,005 ag/L NB HAROLD
EFA-7740 Seleniun (EP-TOX) <0.005 adg/L NB HAROLD
103008 EPA-7470 EFA-7470 dercury (EP-TOX) 0.0008 ag/L C. SCHAEFER
170303 EFA-1310 EF-T0X Extraction C C CRUTCHFIELDL JR

Prodraa Marnader: LW McMahon
Late Aerroved: 9-APK-1987

Date
Consleted

B-APR-1987
8-APR-1987
8-APR-1987
B-AFR-1987
8-APR-1987

9-4PR-1987
9-6Pk-1967

7-AFR-1587

2-APR-1987

06T



Custoser Naee!

Oak Ridse Gaseous Diffusion Plant
Analutical Cheeistry Rerariment
Results of Analusess

SanS

Custoser Seerle Musber! 35-L-45-35-E Lab Saurle Nuaber: 870227-193
Date Saarle Received:  27-FFR-1987 Rate Sawrle Coapleted® O-APR-1987
Rate Searled: Saapled Bu!
Material Descrirtinn  EP TOXICITY TEST SAMPIES Ree. Number:
Activity Presaration Analysis Iata
Number Procedure Mo, Procedure No. Analu<is Ragylt linite Aanaluct Conrleteq
STTIT IEZIZSSIWTTTSIT CSREXBEEREEES S S SEETSEETsssoscEE = STFETITIES } +-444 === sS<I=====c=
090207 EPA-4010 EPA-5010 Bariva (EP-TOX) 0.47 ag/L €A HFSTEF A-4PR-1937
EPA-6010 EPA-46010 Cadaius (EP-TOX) {0.0030 a4/t EA HESTER R-AFR-19R7
EPA-4010 EPA-6010 Throaiua (EP-TOX) 0,077 wi/L EA HESTER Q-4FR-1987
EPA-4010 EPA-6010 Lead (EP-TOX) 0,050 ad/L EA HESTER R-APR-10RT
FPA-6010 EPA-4010 Silver (EP-TOY) <0,010 o4/l tA HESTEP 8-APR-10987
102007 EPA-7040 Arsenic (EP-TOX) 0,005 a4/l NB HAROLD O-4PR-19R7
EPA-7740 Seleniuva (FP-TOX) <0.005 ad/L ¥R HARMLD O-4FR-1987
103008 EPA-7470 EPA-7470 Nercury (EP-T0X) 0.000R ad/L C. SCHAEFER 7-4PR-10R?
170303 EPA-1310 EP-TOX Extraction C r CRITTHFIFID P 2-4FR-1987

Prograa Manader! LW Nchahon
9-AFR-19R7

Nate Apsraved:

16T



O2% Ridee Gaseous Diffusion Plant
Analvtical Cheaistry Derartaent
Resylts of Analusess

Custoser Naee! SaNS
Custaser Sssele Mumber! JS5-L-100-f
Date Sserle Received:  27-FER-19R7
Rate Sserled:

Lab Saarle Muaber: 870727-194
Nate Sasrle Completed® 9-APR-19%7
Saarled By!

Haterial Bescrirtiont  EP TOXICITY TFST SAMPLES Pee. Nuaber:

Activity  Preraration fnalysis Date
Nusber Procedure No. Procedure No. Analusis Resylt njts anajwet Comrleted
090207 EPA-4010 EPA-6010 Rarium (EP-TOX) 0.68 wifl FA HESTFR 8-AFPR~1SE7

EPA-6010 EPA-6010 Codaium (FP-TOY) {0.0030 ad/1 EA HESTER g-aFR-1%R7
EPA-4010 EPA-6010 Chrosiue (EP-TNX) 0,057 wa/L FA HFSTEF R-APR-1°R°
EPA-4010 EPA-6010 Lead (EP-TOX) 0.0%0 wed/l En HESTER 8-APR-~19R7
EPA-6010 EPA-4010 Silver (EP-TOX) 0,011 as/L FA WFSTER B-APR~1987

102007 EPA-7040 Arsenic {EP-TOX) 0,005 agnL NB HARLD -\PR~19R7
EPA-7780 Seleniwg (FP-TMY) <0.005 at/L NR HARMI D 9-4PR-19¢7

103008 EPA-7470 EPA-7470 Mercury (EP-TOX) 0.0011 a4n C. SCHAEFEFP T-APR-19R7
170303 EPA-1310 FP-TOX Extraction C f, FRUTCHFIFID # 2-4PR-1087

Spike Recovery Dats

Analysis

Frodraa Manager: LW Metahon
Asount  Asount  Percent. Date Asprnued: 9-APF-1987

Seiked Recovered Recovered

ARSENIC (EP-TOX)
MERCURY (EP-TOX)
SELENTUM (EP-TOX)

0,020 0.017 85,00
0.0020 0.0020 100,00
0.020 0.017 85.00

61



Oak Ridde Gaseous Diffusion Plant
dnalytical Cheaistry Department
Resulis of Analusess

Customer Name: SANS
Custoser Sasrle Nusber: 35-L-100-E
Date Samrle Received:  27-FEB-1957
late Samrled:
Material Descrirtion:

Lab Saarle Nuaber: 870227-194
Date Sasrle Comrleted: 9-APR-1987
Saerled Byl

EF TOXICITY TEST SAMPLES Rea. Nusber:

Activity Freraration Analysis
Nuaber Frocedure No. Frocedure No. fnalusis Resull w s Analyst
090297  EFA-6010 EFA-6010 Eariua (EF-TOX) 0.68 ad/L EA HESTER
EPA-6010 EPA-8010 Cadeiua (EF-TDX) <0.0030 wg/L EA HESTER
tPA-6010 EPA-4010 Chromiua (EF-TOX) 0.057 as/L EA HESTER
EPA-6010 EFA-6010 Lead (EP-TOX) <0.050 ag/L EA HESTER
EPA-6010 EPA-6010 Silver (EF-T0X) 0.011 ag/L EA RESTER
102007 EFA-7060 Arsenic (EP-TOX) {0,005 ad/L NBE HAROLD
EPR-7740 Seleniua (EP-TOX) 0.005 ad/L NB HAROLD
103008 EPA-7470 EPA-7470 Mercury (EP-T0X) 0011 wa/L C. SCHAEFER
176363 EFA-131¢ EP-T0X Extraction C C CRUTCHFIELD JR
Prosras Manader: LW McHahon
Date Arproved: 9-APR-1987
Seike Recovers [lista
fimount Asount Percent
An3iysis Sriked Kecovered Kecovered
ARSENIC (EP-TOX) 0.020 0.017 85.00
MERCURY {EF-TOX) 2.0020 §.0020 100,00
SELENIUM (EF-TGX) 0.02¢ 0.017 85.00

Bate
Coarletec

8-AFR-1937
d-AFR-1987
8-AFR-1987
B-AFR-1787
8-APR-1987

P-AFR-1967
9-APR-1987

7-AFK-1987

2-APR-1787

£6T1
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APPENDIX N

This appendix contains three plots of grouts prepared with 35/65
rhosphate/sulfate waste. These plots are on expanded triangular

coordinates and may be useful as an engineering aide.



TYPE Il CEMENT (wt %)
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ORNL DWG 87-940

GROUTS PREPARED WITH 35/65
PHOSPHATE/SULFATE WASTE AT 8.0 Ibs/gal

CLASS F FLY ASH (wt %)
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ORNL DWG 87-941

GROUTS PREPARED WITH 35/65
PHOSPHATE/SULFATE WASTE AT 8.5 Ibs/gal
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ORNL DWG 87-942

GROUTS PREPARED WITH 35/65
PHOSPHATE/SULFATE WASTE AT 9.0 Ibs/gal
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