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total of 1.2 million £ (314,000 gal) of waste solution eontaining

ABSTRACT

Intermedlate—level waste solutlon generated at ORNL is perlodlcally

. mlxed w1th a cement-base blend of dry solids and injected into an imper-

meable shale formation at an approximate depth of 240 m (800 ft). The

‘grout mix sets shortly after the injection, permanently fixing the

radionuclides in the shale formation. A series of four injections of

'intermediate;level waste solution was made between 1977 and 1979. A

81,780 Ci of radionuclides was injected. This report is an account of
this injection series — preparations, injections, results; and conclusions.

The volumes and activities that were injected can be summarized as

follows:
Volume of ‘ Volume of
waste | ' grout
- ' _ — % . Activity
Injection Date () " (gal) - ®y (gal) (ci)
"ILW-15  6-30-77 344,400 . 91,000 549,000 145,037 26,528
ILW-16  11-17-77 - 208,200 55,000 301,000 79,500 15,982
Iw-17  9-1-78 311,500 82,300 520,400 -137,500 22,362
ILW-18 5-19-79 325,600 86,014 526,100 139,000 16,908

1,189,700 314,314 1,896,500 501,037 81,780

- In Injection ILW-15 a small leak of grout to the waste pit eroded
the dtéio valves and forced a shutdown of the injection while repairs

were made. The injection was completed 2 days 1atef ‘Injection ILW-16

was" termlnated about two -thirds through the 1n3ect10n when the d1esel

drive of the injection pump blew 'a connecting- rod through the block
The facility and well were washed down with the standby pump. Prior
to Injection'ILw—l7;‘air pads wefe installed on ail bulk solids‘storage
bins;‘ All subsequent injectione'have been'marked'by a much more even
flow of solids and a tesu;tidg improuement in the mix ratio control.
Injections ILW-17 and ILW-18 were made without notable incidents.

Logs of the observation wells. indicated that all grout sheets were

within the disposal zone.



1. INTRODUCTION

The shale fracturing process has been used for the routine disposal
of intermediate-level waste solution at the 0Oak Ridge National Laboratory
(ORNL) since 1966. 1In this process the waste solution is mixed with
cemént and other additives; the resulting mixture, or grout, is then
injected into an impermeable shale formation at a specific depth between
200 and 300 m (700 and 1000 ft) — well below the level at which groundwater
is encountered. The injected grout forms a thin, approximately horiibn—
tal sheet several hundred meters (up to 1000 ft) across during fhe course
of the injection, The grout sets.shortly after completionof the
injection, thereby permanently fixing the radioactive wastes in the shale
formation. Subsequent injections form sheets that are approximately
parallel to the preceding sheets.,

Reports summarizing the 1972 and 1975 series of injections have
been published;l’2 the experimental development program.and the first
two operational injections are detailed in ref. 3, TFollowing the 1975.
injection series, the .injection facility was used for four injections of
concentrated intermediate-level waste (ILW). This report describes the
preparations, operational procedures, and data for these injections
individually, and then. discusses the results and.conclusions from the

series as a whole.



2. DESCRIPTION OF PROCESS AND PLANT

In the shale fracturing process an alkaline waste solution is mixed
| with a-solids blend composed of cement and other additives and then
1nJected under pressure, into a bedded shale formation at a specific
depth between 200 and 300 m (700 and 1000 ft). The pressure of the .
injeeted grout is sufficiently high to initiate the formation of a crack
Between‘adjacent layers of shale. As the injection.continues{ the grout
fills this crack and extends it further to form a thin, aoproximately
horizontal sheet several hundred meters (up to 1000 ft) in extent.
‘Figure 1 shows an isometric view of the shale fracturing facility.
Three types of wells have been used at the shale fracturing fac111ty:
an 1n3ect10n well for the 1nJection of waste grout, observation wells for
the‘determination of the‘orientetion'of the grout sheet, and rock cover
monitoring wells for verification'of the continued'impermeability of the
shale above the-grout'sheets.' A-sketch of each well type is given in
Fig; 2.' All waste injections‘aregmade'through slots cut in the casing
and surrounding,ceﬁent-of the injection well. As the grout sheet.spreads
-out from the injection well, it intersects the cemented casing of one

or more observation wells. A gamma-sensitive probe in the observation
well will then detect the presence of the grout sheet, thereby establish-
ing the depth of 'the grout sheet at that noint. The rock cover mouitoriug ‘
wells are used to periodically determine the permeability of the shale |
cover rock at a depth of 180 m (600 ft). |

The major process equipment used to injectba batch of waste consists
of a waste pump, a jet mixer, a surge tank, and a high-pressure injection
pump; a flow diagram is shown -in Fig. 3. Preblended solids are stored in

: bulk‘storage bins for use as needed. A standby injeotion pump is always
available to clear the injection well in the event that the main i
injection pump should fail. During an injection, waste solution is ‘
pumped to the mixer, continuously mixed with the preblended solids, and
discharged into the surge tank. - From the surge tank the grout is pumped

down a tube hung 1n the 1nJect10n well and out into the shale formation.
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Fig. 3. TFlow diagram of shale fracturing facility.
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Five underground wasté storage tanks, with a total capacity of
340,000 ¢ (90,000 gal), are installed at the shale fracturing plant.
Prior to éach injection, the waste solution is pqmped to the site through
a waste transfer line at the rate of ~75 2/min (20 gpm) and stored in these
tanks. " ' | _
‘ A week or more befbre an injection, the solids — cement, fly ash,
Attapulgite 150 (a water-retaining clay), a clay for cesium retention, and
a retarder — are brought to the fracﬁuring(site, blended in the desired
proportions in a weigh tank, mixed by blowing them back and forth bétween
two pressﬁre tanks (P-tanks), and stored in four bulk storage bins. fThese
Lius [capaclly, 66 m8 (2780 tt?) each| are 3.7'm (12 ft) in diameter and
installed oﬁ legs so that their bottoms are ~1.8 m (6 ft) above the top '
df the mixing cell. Ddring an injection, the contents of each bin in
turn are aerated and flow through an air slidg (an enclosed chute that
is continuoﬁsly aerated from below) into a metering hopper in the mixing
cell and, from there, into'the mixer,

The  jet mixer is a device for mixing the waste solution and the solids.
As the waste solution is pumped through the mixer, the solids drop into
the mixer and are subsequently picked up by the jet stream and thoroughly
mixed with the waste. The resulting grout is continuously diecharged
into the surge tank. The mixer bowl is connected to the hopper to confine
the solids and any grout that might splash out of the mixer. For
convenience, an observation window is provided. ‘ '

The surge tank allows the flows of the waste transfer pump and the
 injection pump to be synchronized during an injection, A single operator,
‘'who controls both pumps, obéefvés the lével of grout in the surge tank
either by means of a mirror- and—w1ndnw arrangement on the top of the
tank or by observing a float-type level gage. He adjusts the flow rate
of one or the other of the pumps as-the grout Tevel flgctuates. During
an injection, air is withdrawn continuously from the surge tank, filﬁered
through a h1gh-eff1c1ency filter, and discharged.

The control of the proportions at which solids and waste solution
" are mixed in the fracturlng plant is critical, . If the proportion of

- solids is too high, the resulting grout will be4ViSCOus,’difficult to



ﬁump, and subject to premature setting, If the proportion of solids is
too low, the grout will fail to retain all of the associated liquid and
will exﬁibitA"phase separation' on éetting. This is undesirable because

’ sbme small fraction of the radionuclides (<<1%) will remain with the
" water and thus will ﬁof‘bé immobilized. The desirable operating range
between these two extremes is fairiy ﬁarrow;:the average variation from
the desired proportion should not exceed'10% at most and should be kept
-within 5% if possible. During a waste injection, this mix ratio is
* determined from separate-measufements of the flow rates of the waste stream
and the dry solids stream and a maﬁual 6r3automatic calculation of their
ratio. The solids addition rate is measured by a mass flowmeter, a device
that continuouély weighs the flow of solids, installed immediately below
the métering hopper. The flow rate of the waste liquid isimeasqred by

a turbine flowmeter. During an injection, the mix ratio can be varied

by a manual adjustﬁent'of either the solids or the waste flow rate.
(Generally, the solids flow rate is adjusted.)

‘Three cells are provided for the mixiﬁg and injecting equipment -
one for the mixéf and surge tank, one for-the_head end of the injection
pump, and one for the wellhead and associated piping. All cells are
made of a 30—cﬁ (124in.) thickness of concrete block and'are-roofed with*a
1.9-cm (3/4-in.) grating covered with sheet metal. The cells are painted
but unlined. The roof of the mixer cell is fixed in place; the robfs of
the puﬁp cell and wellhead cell are removable. Because the prdcess piping.
in the pump cell and the wellhead are under considerable pressure dﬁring
_an injeétion [up to 34.5 MPa (5000 psi)], the vision ports in these cells
are made of builetproof glass and the roof grating is covered with
0.6-cm (1/4-in.) steel plate 6n;both-éides. Access may'Be gained to the
cells through a hatch in the roof of the well cell and a door in the wall -
of the pump cell. | o . '

The injection_pump* is capable of operating over a range of pressures
and flow fates between 41,4 MPa (6000 psi) and 400 %/min (105 gpm) énd
6.9 MPa (1000 psi) and 2650 z/miﬁ.(700fgﬁm). A steel splash plate, which is

— » '
A Halliburton HT-400 triplex positive-displacement pump.



fitted around the head of the pump and extends to the walls, floor, and
roof of the cell, isolates the pump head within the cell.

A standby injection pumb,*.similar to the main injection pump, is
rented for each waste injection. During an injection it is connected,
via the wellhead manifold, to the injection well. Its function is to
provide a means for flushing the well free of grout in the event that
the main injection pump fails. This pump is not required to transfer
radioactive fluids.

A piping manifold connects the injection pump, the injection well,
the standby injection pump, and the waste pit. This manifold contains
10 plug valves, 2 check valves, a pressure relief valve [set at 41.4 MPa
(6000 psi)], a pressure gage connection, and 13 unions. The components
of the manifold are rated at >69 MPa (>10,000 psi). Extra high-pressure
Chiksan swivel joints are used between the injection pump and the piping
manifold, and between the piping manifold and the wellhead,. to damp
vibration between the pumps and the wellhead.

A considerable volume of water is required for operations such as
slotting the casing of the injection well and washing equipment after- an
injection. Since this water will become contaminated, it must ultimately
be injected with the waste solution, Water must be reused, where fcasible,
to prevent the contaminated water from constituting a large fraction of
the waste being injected. The waste pit, a concrete pit 3.6 x 3.6 x 2.7 m
(12 x 12 x 9 ft) deep, was built to serve this function. Washup water
and water that is used in slotting operations drain to the waste pit and
are pumped out of the pit by the waste pump for reuse.

An emergency waste trench is provided as a precaution against the
unlikely possibility that, late in the course of a wastc injection, the
wellhead might rupture and allow the injected grout to flow back up the
well. 1In such an event, the grout would flow from the wellhcad rell
through an 48-cm (18-~in.) line to the 400,000-%2 (100,000-gal) waste
trench where it would set and be covered with earthfill.

A cell off-gas system removes 595 m3/min (2100 cfm) of air from the

mixer cell, pump cell, and wellhead cell, through a roughing and a

* . '
A standard truck-mounted Halliburton positive-displacement pump.



high-efficiency filter in series, and exhausts it through a short stack.
A separate off-gas system provided for the surge tank exhausts through a
demister mounted above the tank and‘a high~efficiency filter, and then
dischafges the air to the suction side of the cell off-gas filters.

Necessary information on the progress of an injection is obtained
from readings of the waste tank levels, the waste flow rate, the grout
flow rate, the solids flow rate, and the injection pressure. The orienté—
tion of the grout sheet is determined by logging the various observation
wells after the injection has been completed,

Small volumes of free water can be formed in the disposal zone by
phasé separation of the injected grout. Even though this phase-separated
water contains only a small fraction of the radionuclides that have been
injected (<<1%), provisions are made for its removal. After each injec-
tion or series of injections, the wellhead shutoff valve is opened and
any free water is bled back through the injection well and collected,
Ultimately, this recovered water is returned to the waste collection
system in Bethel Valley.

Four injections are normally made into a single slot in the injection
well. Prior to the next series of four injections, the old slot is
plugged with cement and a fresh slot is cut in thebinjection well casing
3 m (10 ft) above the previous one. The technique for cutting the well -
casing consists of pumping a slurry of sand and water down a string of
tubing hanging in the injection well and out a jet at the bottom of the
tubing string to impinge on the casing at that point.' The erosive
action of the sand cuts the casing and the surrounding cement and shale
to a sufficient depth to make subsequent initiation of the desired
fracture relatively easy. The spent slurry is brought to the surface
. through the annulus between the tubing and the casing, the degraded sand
is allowed to settle in a waste pit, and the water is recirculated so
that the volume of contaminated water produced by the slotting operation
can he kept to a minimum. A sketch of this operation is shown in Fig. 4.
The tubing string is slowly rotated by a hydraulic power swivel so that

a complete cut of the casing is made.
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‘'The mix ratio to be used in each injection is determined prior to

"compatibility tests.”" For these tests,

the injectibn by a series of
sampleé_are taken of the dry solids that were blended for(the'injection

' and'stored'in:the bulk storage biﬁs. These Samplés are mixed in various
proportions with a synthetic waste solution having a composition similar
to that of the waste to be ihjeqted. The apparent viscosity and the
perééntage'of free water that has separated from the grout after several
hours of staﬁding (the phase Sepératioﬁ) are determined for eaéh.groutl4
sample. The particular ratio of the weight of dry solids tdlﬁheﬂvdiume
of waste solution that will form é grout with minimum phaseAseparafion l'
(preferably <5%) and minimum appafent viscosity (preferably <40 cP) is

" selected for use'during the injection.



3. INJECTION ILW-15°

-3.1A Preliminary Preparations

3.1.1 Waste transfer and analysis

A prOportioﬁal samplé of the waste solution to be injected is
routinely obtained as the solution is pumped from the waste stqrége tanks
iﬁ Bethel Valley to those at the shale fracturing site. The sample is
analyzed, and the results are used to establish the transuranic content
of the waste solution. This analysié ensure that the nonretrievable
dieposal limit of 10 nCi/g will not be ‘exceeded by the upcoming injection.
It is also used to prepare a synthetic waste solution for compatibility-
tests with the blended dry solids. ' 4

In the case of‘Injection”ILW-lS, thé waste transfer ope:é;ion had
to be delayed until a new waste tranéfer line could be completed;
thus the broportional sample was not available until very shortly before
the injection was made. The transuranic cqntent and the compatibility
tests were by necessity, therefore, based on ahalyses’of grab samples of
the waste solution in two of the waste storage tanks in Bethel Valley;

A proportional sample was taken and ‘analyzed, but the results were not
availagle until after the injection had been made; The'anaiyses of both
‘the'grab and the proportional samples are.given in Table 1. The results
are similar for soluble components but quite dissimilar for insoluble
components. ; | - -

‘ WasteAsolution from Tank W-8 was sfored in'Taﬁk T-1 at the shale
fracture site; the other tanks were filled with solution from Tank W-10.
The filled tank vdlﬁmes‘were as follows: T-1, 55,910 % (14,772 gal);
T-2, 55,910 2 (14,772 gal); T-3, 93,100 1 (24,597 gal); T-4, 93,100 2
(24,597 gal); and T-9, 49,000 & (12,947 gal). | '

3.1.2 Solids blending

Five batches of dry solids wére'blendéd and loaded in the storage
bins at the fracturing site. TFour of these Weré loaded in the storage
bins; the final batch was left in the blending Eanks for 1a£er fransfer
to.an empty bin. The weights of the various ingredients that were used

for the solids mix are given in Table 2.

12
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Table 1. Compositipn,pf.waste.solution for Injection ILW-15

"Grab sample -

nt W-8

Compone W-10 Proportional sample
NO3~, M . 0.81 0.67 NAZ
" NHyt, M © 0.016 - 0.025 NA
AL3, M 0.019 0.010 NA
crdt, M 3.8 x 107% 1.9 x 1074 NA
KF, M. 0,261 ' 0.120 NA
- Nat, M 2.243 1.435 NA
€032, M 0.45 0.33 NA
OH™, M 0.71 0.37 NA
c1-, M 0.172 - 0.162 NA
50427, M 0.102° 0.113° NA
Specific gravity 1.184 1.123 NA .
137cs, Ci/g NA% 7.7 x. 1072 6.1 x 1072
(Ci/gal) . (0.29) (0.23)
- 90gr, Ci/L NA 1.5 x 107% 4.0 x 107"
(Ci/gal) (5.73 .x 10™%)  (1.52 x 1073)"
60co, Cci/t’ NA 8.5 x 107" 8.2 x 1073
(Ci/gal) © (3.22 x 1079) (3.09 x 1072)
106Ry, ci/g NA 7.3 x.10° % 1.0 x 1073
(Ci/gal) (2.76 x 1073) (3.92 x 1073)
238py, Ci/2 NA 1.2 x 1076 4.8 x 1076
(Ci/gal) (4.52 % 1076) (1.82 x 107%)
239py, ci/e NA None ‘ | 1.9 x 1076
(Ci/gal) (7.2 x 10-9)
NA = not aﬁalyzed; |



Table 2. Dry solids mix for Injection ILW-B5

Bir 1 Bin 2 . Bin 3 ' " Bin 4 P-tanks

Blending date 6/17/77 6/20/77 . 6/16/77 6/15/77 6/21/77
Cement, 21,095 (46,410) 21,330 (45,920) 21,140 (46,510) 21,560 (48,300) - 21,080 (46,370)
- kg (1) . : - '
Fly ash, 21,941 (48,270) 21,800 (47,96D) 20,440 (44,970) 17,622 (38,760) 23,240 (51,130) .
- kg (1b) ‘ '
Attapulgite, 8,769 (19,292) 8,634 (13,995) 8,570 (18,850) 8,957 (19,686) 6,890 (15,150)
kg (1b) : o . .
- Clay, kg 4,350 (9,660) 4,410 (9,702) 4,380 (9,640) 4,490 (9,873) 4,300 (9,460)
(1) , .
Sugar, kg . 25 (54) © 25 (54) 25 (54) 25 (54) 25 (54)
(1b) N , ' ,
Total, kg - 56,221 (123,686) 55,196 (123,631} 54,565 (120,224) 53,030 (116,673)_ 55,530 (122,164)

(1b)

%1
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The cement used.in this injection was Penn-Dixie, Type I. Because
cement from this supplier had not ﬁrevioﬂsly been used for shale fracturing
operations, a sample was-obtained and tested with synthetic waste. The
resulting grouts were found to behave similarly to those prepared with '
cement from other suppllers. »

The fly ash was obtained from. the Southeast Fly Ash Company. This
supplier's loading and weighing facilities were reported to be such that’
the weight of fly ash delivered in each transporter truck would be more
nearly uniform than had been the case for deliveries from the TVA Steam
Plant at Kingston, Tennessee. The grouts prepared with a sample of this
fly.ash were found to behave similarly to those prepared with TVA fly ash.

Attapulgite 150 drilling clay was used in this injection. The clay,.
supplied by the American Art Clay Company, was the "Indian Red'" pottery

type. The sugar was delta gluconolactone.

3.1.3 Tests of mix compétibility

‘Samples hf the blended dry solids from each of the storage bins
were tested Qith water and synthetic waste solutions. Phasé separation
was measured, and‘rheological properties were determined for grouts made
with various mix ratios. In most cases, the'grouts were prepared by
mixing the dry solids and waste solution in a Waring blender at 5000 rpm
(to simulate dorm-hole conditions); however, a few were made at 2000 rpm
(to simulate tub conditions). Not éll combinations of wastes and solids
were-evaluated. Instead, each batch of blended-solids was tested with
' only'the particular wasle sulution with which it would likely be mixed
during the injection. The results indicated that virtually all combinations
of dry solids with synthetic waste or water were much more fluid than had
. been observed previously. The phase separatlons of the grouts were higher,
and the '"viscosities' were lower. The results also indicated that the T
phase separation of the grout in the formatlon would be <1% for a mix
ratio gf 0.96 kg/% (8 1b/gal) with W-8 waste and <3% for a mix ratio
of 0.96 kg/%2 (8 1b/gal) with W-10 waste. Equivalent phase separations
.were noted in the mix compat1b111ty tests for ILW—14 at 0.72 kg/z (6 1b/ga1)
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The observed grout "viscosities" mere about 20 cP at 0.96 kg/% (8 1b/gal)
and 50 cP at 1.08 kg/% (9 lb/gal). Tests with water indicated a phase
separation of 4.3% at 1.08 kg/2 (9 1b/gal). A

.The only sample of blended solids that formed grouts With "reasonable"
phase separations [i.e., <1¥% phase'separation at <0.84 kg/2 (7 1b/gal)l
1Was the one obtained from the blending tanks. Grouts made from this
sample had a "viscosity'" of 25 cP and a phase separation of <1% at a mix'
ratio of 0.84 kg/e (7 lb/gal)’ ‘These solids had not been subjected to
the final transfer into a storage bin,'and the improved performance may

have been the result of thls less severe handling.

- 3.1.4 Facility modifications

The HT-400 injection pump was extensively reconditioned and modified:
‘ prior to this 1nJect10n. A new 5-in, fluid end, a rebuilt Fuller trans-
mission, and a new set of remote controls were 1nsta11ed The new fluid
end replaced a fluid end with 4-1/2 in. pistons; the larger piston size
will permit slower operation of the pump for the same volume of fluid
pumped and should extend packing life. The new transmission replaced
an obsolete transmission for which repair parts were becoming difficult
to obtain. _ 4 .
The instrumentation of -the solid storage bins was modified,
A Monitrol remote sounding unit (Monitrol Manufacturing Co.)‘was
installed on bins 1, 3, and 4. This device consists of a hollow steel
float (about 10 in. in diameter) on.a cable., When a level measurement
| is desired; the float is lowered until it contacts the surface of the
_.solids and the distance between the top of the bin and-the solids level
.is indicated. On bin 2, the Metritapes were removed and a sonic level
..1nd1cator (Sonargage, Stevens International Inc ) ‘was installed to
measure the distance between the top of the bin and~the»solids level by
determining the time required for a sound pulse to travel this distance.
During an 1nJection, the mix ratio (the weight of dry solids per

~volume of waste solution) is determined from mass flowmeter readings of
. the rate of SOlldS flow and from volume ratio measurements (the volume

of grout pumped d1v1ded by the volume of waste solution pumped) These
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§WO determinations sometimes give conflicting'Qalues, and an independent
third measurement of this ratio would be useful in such cases. Since
the solids that are mixed with the waste solution will bbth dilute the
"~ radionuclide concentration -and provide an appreciabie amount of shield-
ing,Athe radiation emitted by a unit volume of'grout would be appreciably
) less. than that emitted by an equal volume .of waste solution and the -
decreases should be propoftional to the concentration of solids.- Two
- radiation monitors were mounted on the waste line between the wasﬁe{pump
-and the mixer cell and on the high-pressure line between the injéction
‘pump' and the valve rack. Readouts from these monitors were provided in
the control room. ' . A

Newbhoses were installed befween the mixing tub and the injection
pump suction manifold.. Also, a new lighting system was installed on
. the mixing: tub. This sysﬁém consisted of a pair of 12-V spotlights
located ~0.6 m (m2 ft) above the top of the mixing tub at the end of a

tube that was integral with the top of the tub.

3.1.5 "Preliminary maintenance

During the 3 days prior to the injection, the valves in the high-.
pressure system were serviced and the 3-in. master valve was overhauled.

The mass flowmeter was cleaned and checkedp  The Gadco pulse dampeners:

- were replaced with air chambers. A series of adjustments was made to

the injection.pump transmission,. and the injection pump was packed.
Finally, the pressure relief. valve was cleaned and set, and the well was
pressurized to verify that the fracture was open. The fracture accepted

water at a rate of 320 2/min (84 gpm) and a pressure of 22 MPa (3200 psi).
" 3.2 Injection on June 30, 1977

.Sufficient solids were on hand to permit .the injection of 333,000 &
(88;000 gal). of waste [leaving a heel of 3000 £ (800 gal) in each tank] |
and 19,000 £ (5000 gal) of water if a mix rétio that averaged no-higher
than 0.78 kg/l (6.5 1b/gal) were used. Tests of the blended solidé had

indicated that considerable phase separation would be expected to occur
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at this mix ratio. The relevance of the phase separation tests to the
underground situation (in which the grout sheet sets up under considerable
pressure) is not entirely élear, however, and é deliberately light mix
ratio of O.78Akg/2 (6.5 lb/gai) was chosen for this injection in an
attempt to determine the validity of the test.

The injection was begun at 0904 on June 30, 1977. Wastewater was
pumped from the pit to reopen the fracture. Solids flow, which was
started from bin 1, disclosed the existence of a hole in oﬁe of the air
slides that-permitted‘the escape- of dry solids from the slide to the
mixing cell roof. The injection was halted at 0907 to repéir‘this hole.

The injectian was resumed at 0945 with pit water énd solids from
bin 1. At 0946 the flow was switched from pit water to waste solution
(T-4). Some difficulty was expérienced with the ihjection pump trans-—
mission; the pﬁmp could. not be shifted inté fourth gear, the most
efficient éear for the existing injection'pressure; and had to be run at
n720 £/min (190 gpm),.which was Vv75% of the rate in previous injections;
The orifice in the jet mixer was too large for this lower flow rate, and
the injection was halted at 1002 in order to switch to a smaller orifice.
The injection was resumed at 1030. -

At 1115 the float oi the level measuring device on bin 1 broke .
from its cable and drobped'into the bin. Readiﬁgs taken up to that time
'showed considerable point—to—point.variation; )

Dﬁring this injection, the mix ratio (wéight of dry solids pervunit
volume .of waéte solution) was determined by two methods. ' In the first,
the weight ofAsolids-consumed during a givén interval . (as measured by
.the mass meter) was divided by the volume of waste pumped during the
same interval (aé measured by the turbine flowmeter).  In the second,
the volume of slurry pumped by the‘injection‘pump during a givén’intefval
was divided by the volume of waste pumped during the same interval and
‘this ratio was related té the mix ratio by a previously determined
calibration curve. Experience in previous injections has shown that the
first method gives more uniform results except when the mass meter is
biased by a solids accumulation on the’sensing'cone. Thé second method,
although less precise and mofe Subject'to point-to-point fluctuations,
is not'influenced by mass—meter'bias‘and thus serves as a useful check

on the mass-meter readings.
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The mix ratios indicated by mass-meter readings and "obtained from
pumped volume ratios are plotted in Fig. 5. The discrepancy is large
and, except for one interval shortly after noon, consistent. The mass-
meter. bias, which was recognized quite early in the injection, was
estimated to be approximately 140 kg/min (300 1lb/min) or 0.24 kg/%

(2 1b/gal) [at 510 2/min (150 gpm)]. The injection was subsequently run
‘at an indicated mass-meter mix ratio of about 0.96 kg/2 (8 1b/gal) to
compensate for this bias. _

: At,1200,-the flow of solids from bin 1 become uneven. The fear
that the lost float~from the level measuring deviceAmight'be plugging the:
bin outlet led us to 'switch the solids flow to bin 2 at 1212.

A A buildup of solids in the mixing.eone hopper, which obscured the
- window, made it hecessary to stop the injection at 1305. After the hopper
had been-washed, the injection was resumed (at 1325). Overheating of
‘the Moyno waste-pumps caused another interruption in the injection at
1356. Operatioh was resumed at 1405. The injection was sospended at
1412 -to wash the mixihg cone hopper again. Most of these interruptions
mere caused more or less directly by the difficulties with the injection
pump transmission. These difficulties made it impossible to operate
the injection pdmp except at.a relatively low flow rate. At this low
rate, the flow of solids in the mixer hopper was 1rregular and tended to
stop altogether at times. "In an effort to keep the solids flow1ng, the
operators stopped and restarted the Moyno waste pumps more frequently
than usual; this mode of operation resulted in the overheating of the
pump motors and an occasional trlpping of the thermal overload switch.

At 1445, the injection was halted because the waste pits were observed
‘to be almost full of waste grout. It was found that one or more of the
valves on.the valve rack between the high—pressure system and the drain
‘to the waste pit had eroded and would no longer hold pressure. The.
master valves on the wellhead were closed;'the well cell was entered,
and the discharge line from the injection pump was connected'directly
to the wellhead (bypass1ng the valve rack) The contents of the waste
pit, followed by 5700 % (1500 gal) of water, were then pumped down the
tubing string and the tubing master valve was closed. The well cell was-

entered again, and the discharge line from the 'injection pump was
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connected directly to the master valve on the annulus. -After fresh water
J[5700 2 (1500 gal)] had been pumped down the annulus, the annulus valve

" was closed and the equipment ‘washed.

The waste solution flowlrateland the wellhead pressure during. this

part of the injection are shown in Figs. 6 and 7.

3.3 Interim procedures

.On July'l all h1gh—pressure valves were checked Three valves
" (V-2, V-5, and V-8) were found to he too eroded to hold pressure; the
valve body was cut on V-8, and this entire valve had to be replaced. The
plugs - of V-2, V-5, V—3, and V-9 were replaced. The transm1s31on on the
injection pump was checked, and the air .supply system was modified S0 that
higher—pressure air,nould be available. On pressurizing the well the
tubing'string, the annulus, and the fracture were found to_he open.l The
mass meter was cleaned | A

The pressures in the rock cover wells were read both prlor to and
‘at intervals durlng the injection., These readings are given in Table 3.

Anrapprec1able pressure rise was noted in two wells, NE-125 and NE-200.
3.4 TInjection on July 2, 1977‘\.

~ The 1nJect10n was resumed at 0815 with water from the waste p1t and.
SOlldS from bin 2. Flow_was switched to T-3 after 2 min of operation.
-'Fewer transmission problems were experienced with the injection pump
during this part of thelinjection and the injection rate averaged between
870 and 910 £/min (230 and 240 gpm) . o |

At 0905 the waste flow was switched to T-4 'and the solids flow was

sw1tched to- bin 3. Bin 2 had contained 56,200 kg (123,600 1b) of SOlldS,
the consumption shown by the mass meter was 92, 000 kg (202,000 lb)
The mass meter was obv1ously reading quite high, but most of this error
probably oecurred on June'30 when. the mix retio indicated by.the mass
meter was as much as 0.48 kg/z (4 1b/gal) higher than' the mix ratio
" calculated from the ratio of the pumped volumes. On July 2; the two

methods of measurement were indicating approximately the same mix ratio.
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Table 3. DPrecssurc recadingc, in kPa (peig), for rock cover wells
. during Injection ILW-15

Rock 'Reading taken on June 30,~197?, aLE
cover: ) , - : -

well  Pre-Injection 1030 1200 1340 1505
E-300  76-(11) 83°(12) - 72 (10.5) .52 (7.5) . 41 (6)
5-200 48 (7) 55 (8) 62 (9) 62 (9) 62 (9)
W-300 -7 (-1) -7 (1) . -7 (-1) -7 (-1 . =7 (-1
NW-250 14 (2) 14 (2) o =14 (-2) =14 (-2)
NW-175 <51 (=7.4) =51 (=7.4) =58 (-8.4) -68 (<9.8) =58 (=8.4)
N-275 21 (3) 21 (3) 28 (4) 21 (3) 14 (2)
N-200 =54 (=7.9) =54 (-7.9) =58 (-7.9) =54 (-7.9) ~-54 (-7.9)
NE-125 =51 (-7.4) -51 (=7.4) 69 (10) . 86 (12.5) 97 (14)
NE-200 83 (-12) 83 (12) . - 172 (25) 221 (32) 203 (29.5)
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This is shown in Figs; 8 and 9. Figure 8 shows the calculated mix ratios,
and Fig. 9 shows the ratio of_these ratios (a means of plotting these
values that more clearly‘emphasizes'the difference‘betueen them).

‘At 0924, the injectibn_had_to be stopped because the transmission
on the injection pump overheated. Inspettion revealed that the cooling
system for the transmission f1u1d was 1noperat1ve, after this system
had been repaired, the injection was resumed (at 0957).« During the
shutdown period, the mass meter was observed to be indicating a solids
flow of 340 kg/min (750 1b/min) with no solids flow. Under the usual
operating conditions, this would.represeht an error in the_mix ratio of
0.56 kg/l (4.7 lb/gal). An aberration of this'magnitude was probably -
temporary, but its existence Suggested that the mass-meter readings were
probably unreliable at this time. Shortly after the‘injection was resumed,
the mix ratio that the operators were attempting to hold was increased to
0.96 kg/% (8 lb/gai) to partially compensate for the mass-meter bias.

(At 1142, the flow had to be switched to bin 4 because bin 3 ran
empty. Bin"3 had contained 55,000 kg (120,000 1b) of sollds, the indicated
consumptlon on the mass meter was 68, 000 kg (150,000 1b). '

At 1254, the mixer hopper was flooded with cement and the injection
was halted to clear the ‘hopper. The 1n3ect10n was resumed at 1321.

' At 1433, bin 4 ran empty and the flow was switched to bin 2 (wh1ch
had been refilled with the solids from the blending tanks). Bin 4 had
contained 53,000 kg (116,700 1b) of SOlldS, the 1nd1cated consumption on -
the mass meter was 82,000 kg (180,000 1b) — a 54% error. '

At 1510,lthe Moyno waste pump stopped pumping — the thermal overload
switch had kicked out. Although the pump was restarted after a brief
pause, it stopped pumping again at 1522, Operation»was resumed at 1528,
at which time flow was switched to p1t water.

The injection was halted to clear the mixer hopper at 1540 but was
resumed at 1549. At 1555, the flow was switched to fresh water. At 1618,

dthe'injectidn was‘terminated. The tubing and the annulus were washed with

800 £ (210 gal) and 2400 % (6304ga1) of water respectively. The tubing

manifold was also washed. | .A o
The waste solutlon flow rate and the wellhead pressure during this

part of the injection are eghown in Flgs. 10 and 11.
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The waste solution remaining in the waste tanks at the end of the
injectidn totaled 30,500 & (8080 gal)t—‘2950 ¢ (780 gal) in T-1,

4200 £ (1100 gal) in T-2, 13,800 & (3650 gal) in T-3, 6600 2 (1750 gai)~
in T-4, and 3400 2 (900 gal) in T-9. A considerable amount of solids
remained in bins 1 and 2. '

Table 4 gives pressure readings for the rock cover welis just prior
to. the injection and at intervals during the injéction.' An appreciable
pressure rise was noted in five wells: NE-125, NE-200, N-200, NwW-175,
and NW-250. | |

3.5 Data Analysis

The volume of waste solution or pit water pumped during this injection
was determiﬁed by three methods. The solution flow to the mixer was
measured by both a Halliburton turbine flowmeter and a recording orifice
meter. The waste solution was measured by the change in tank solution

"level. A comparison of the volumes obtained with the three metﬁods is
given in Table 5. During this injection, the orifice meter readings were,
for the most part, quite erratic; even when the recorded flow was stable
enough to estimate the pumpedlvolume, the agfeement of the orifice meter
with the tank levels and the-ﬁurbine metér was generally poor. Agreement
of the tank level readings and the turbine meter readings‘waé usually good
(within 5%) excepf for the period after 1350 on July 2 when tank T-9 was
being pumped; during this time, the turbine meter was reading V15% lower
than the tank level measurements indicated. Becaﬁse the turbine meter
readings are typically more convenient to use than the tank level readings,
they are used in the subsequent Eélculations.

The stroke counter on the injection pump was used to measure the
volumes of grout that were injected. These volumes were recorded at
5-min intervals throughout both injection days.

The consumption of dry solids was measured by the Halliburton méss
flowmeter. The flowmeter readings, which were also noted at 5-min
intervals during the injection, were recorded. The known weight of solids
charged to each of the storage bins was used as a periodic check on the

accuracy of the mass flowmeter during the injection. If the readings of
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Table 4. Pressure readings, in kPa (psig), for
' rock cover wells — Injection ILW-15

Reading taken on July 2, 1977, at:

Rock

cover. _

~well . Pre-Injection 0925 1230 1450
E-200 69 (10) 66 (9.5) 24 (3.5) 0
$-200 103 (15) 97 (14) 83 (12) 124 (18)
W-300 o o 0 0
NW-250 7 (1) 7 (1) 69 (10) 103 (15)
NW-175 -37 (=5.4) =17 (=2.5) 131 (19) 131 (19)
N-275 -7 (-1 -3 (-0.5) 0 0
N-200 =51 (<7.4) =54 (=7.9) -7 (-1) 0
NE-125 103 (15) - 176 (25.5) 345 (50) 359 (52)
NE-200 69 (10) 76 (11) 152 (22) 183 (26.5)




Table 5.

Comparison of volume measurements from'Injection ILW-15

Orifiée

Tﬁrbine . * Tank
" Pumping ‘meter - level meter
Tank ’ _ time . . - . : = .
Time solution (min) () (gal) (L) igal) (&) . (gal)
June 30
1040-1125 . T-a 45 25,560 6,752 24,100 6,366 22,570 5,962
1216-1300 T-3 44 2C,860 5,512 20,610 5,446
1425-1441 T-3 16 5,360 2,208 8,320 2,199
July 2. S
0825-0855 - T3 30 19,450 5,139 18,750 £,953 19,970 5,276
09.0-0925 T-a 15 £,920 2,356 9,470 2,501
© 1045-1145 . ; T-2 .60 34,9&0‘ 9,232 5,070 ¢©,265 028,190 7,447
12i0-1250" T-_ 40 24,850 6,564 25,030 6,613",ﬂ 18,823 4,973
1335-1345 T- 10 ~ €,050 1,597 6,000 . 1,585 o )
1350-1440 T-9 50 28,920 ‘7,642 53,770 &,922 - 25,960 6,858

' Te
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the QariOus,level devices on the bulk storage bins had been consistent
and reliable, they could also have been used to determine the rate of
solids consumption. However, these readings were genefally too incon-
sistent and erratic to be used for this purpose. ‘Both the zero and

" the span of all three strain gage readings. were seriously in error.

The sonar gage onAbin'Z was consisténtly erratic; thus the readings of
this instrument were not recorded. The Monitrol readings showed
considerable point-to-point scatter (Fig. 12 is a typical set of readings).
Such readings suggest that (1) the solids level in a bin being emptied
-fluctuates rapidly as ratholes form and collapsé, (2) the instrumént is
‘measuring the actual level at a specific time and location in the tank,
and (3) this actﬁal.level can be only approximately related to the weight
of solids in‘the tank. N ‘

The bulk storage bins contained a considerable amount of solids at
‘the end of the injection. Thirty truck loads‘of solids were removed from
the four storage bins: 2 loads from bin 3, 2 loads from bin 4, 12 loads.
. from bin 1, and 14 loads from bin 2. Since each truck load is estimated
to contain about 1000 kg (2200 1b) of solids, the total weight of solids
remaihing after the injection is estimated to be 30,000 kg (66,000 1b).
The net consumption of solids was 246,000 kg (540,000 1b). '

The mix ratio (thé weight of dry solids mixed with each gallon of
waste solution or water) is automatically determined'during the injection
hy dividing the reading of the mass flowmeter (lb/min) by the reading
of the turbine flqwmeter (gpm). The accuracy of this ratio is, hf course,
dependent on the accuracy of the individual readings (which.in the case
of the mass'flowmeter were suspect during a large part of the injection).
A check on the mass flowmeter readings is proVided by the ratio. of grout
volume to solution volume. .This ratio is subject to several possible
ertofé; for example, the flowmeter or stroké counter may be misread, the
relatlonshlp of the volume ratios to the mix ratio is not well known
through the entire range of ratlos, the relationship of the ratlos may
vary somewhat with different batches of waste solution or solids, and
any increase or decrease in tub holdup volume between readings would bias
the results. Despite these potential errors, thelvoluhe ratio is a uséful

check on. the mix ratio. calculated from mass flowmeter readings. Three
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relationships between the volume ratio and the mix ratio are shown in
Figure 13: a calculated relationship based on 100% pump efficiency, a
calculated relafionéhip based on 907% pump efficiency, and an observed:
relatiohship based on data points from previous injections. The observed
~relationship was used to-calculate solids consumption‘in Injection ILWfIS.
The consumption. of solids during various stégés of the injection is
summarized in Table 6. The values in fhis table were computed from
(1) the weight of solids charged to each bin, (2) the mass flowmeter
readings, and (3) the volume ratio. o
‘Washout of the drain valves occurred at about 1440 on June 30.
The injection was halted as soon’ as this situation became known. It was
found that preésure could not be maintained in the high-pressure. piping
manifold by either the injection pump or the standby pump; this would be
" the case only if more than one valve were leaking. Since the well had
.to be cleared promptly, a temporary bypaés 1iné was connected from the
injectibn pump'directly to the wellhead (bypassing the valve rack) and
the well was pumped free df grout and shut in. Examination of the high-
pressure valves in the valve rack on the follbwing day revealed that
three of them were too eroded to hold pressure; therefore, they were
replaced. A
The results in.Table 6 indicéte that the mass-meter readings were
high The solids cohsumption computed from the volume ratio is also high,
but the error is smaller and more consistent than that in the mass—meter
1nd1cat10ns. The source of this error is probably a bias in. the curve
used to relate the volume ratio to the mix ratio;.a 31m11ar bias of
approx1mately the same magnitude was noted in Injection ILW-14,
Values for the calculated mix ratio during InJectlon ILW—15 are
§ given in Figs. 14 and 15. Th1s ratio, which is based on the.volume ratio,
has been normalized so that the total quéntity of solids injected would
'correspond to the'quantity'consuméd. _ ' .
.The radiation monitor readings showed -no clear correlation with the
mixAratib and were insensitive to mix fluctuations. Shielding of the
monitors to reduce background radiation would probably increase this

sensitivity and might improve the results.
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Table 6. Solids consdmptioh, in kg (1b), during Injection ILW-15 v

Bin No.-

Weight
charged

Weight
remaining

Weight
consumed

Massteter
Jindication

Cal

volume ratio -

culated JA

from

NS W I\J.}—‘

56,200 (123,600)

56,200 (123,700)
54,600 (120,000)
~ 53,000 (116,700)

55,600 (122,400)

12,300 (27,000)
1,820 .(4,000)
1,820 (4,000)
1,820 (4,000)°

12,300 (27,000)

44,100 (97,000)

54,600 (120,000)
- 52,700 (116,000)
51,400 (113,000)

43,200 (95,000)

© 56,800 (124,900)
91,800 (201,900)

68,200 (1.50,000)
81,900 (180,000)

33,900
69,400
53,200

79,100

37,000

(74,500)

(152,700)

(117,000)
(174,035)

(81,333) -

48,200 (106,100)

Le
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3.6 Evaluation of the Injection

_More difficulties were experienced during this injection than-would
normaliy be expected. These difficulties included an injection pump
transmission that periodically malfunctioned, waste pumps that overheated,
a frequently erratic mass flowmeter, and a Washout of several shutoff
valves. ‘More positive aspects included the satisfactory performance df
the new lighting system in the mixing tub and a more consistent propor-
tioning of the various dry solids ingredients.

The injebtion pump transmission obviously did not function well during
this injection. Problems with the transmission resulted directly in |
several interruptions of the injection and indirectly caused several more.
During much of the injection, the bump.had to be run at a rcduced rate;
this rate was lower than that required forvbest operation of the fjet
mixer and, as a result, a solids buildup frequentiy occurred in the mixer
hopper. One méthod of clearing these ‘solids was to start and stop the
Qaste pump several times; however, this procedure resulted in overheating
of the Moyno waste pumps and either caused or acerbated the problems
experienced with these pumps. The frequent stops and starts also probably
contributed to the difficulties experienced with the mass flowmeter; in
several .cases, the stops resulted in the flooding of the bottom of the
mixer hopper (and at least the lower part of the mass meter) with waste
solution. In the subsequent restart, solids caked on these wetted surfates.
In moét cases, the affectéd area was probably small; however, on some.
occasions the mass-meter cone was wetted and subsequently Became coated
with solids; on these occasiéné the effect on instrument accuracy would
be considerable.A - |

Control of the mix ratio was erratic during this injection; A ratio
of 0.78 kg/f (6.5 1b/gal) was planned, but the overall average ratio was
0.66 kg/f (5.5 1b/gal), and a portion of the injection was made at a mix
ratio well below this average, The'primary reason for the difficulty
with the control was the biased mass flowméter readings. Early in the
injectién, it became obvious that there was a wide discrepancy betwéen
the mix'ratio, as suggested by the ratio of the pumped volumes and

the mix ratio indicated by the mass meter; however, there was reluctance
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to believe that the error in the mass meter was as great as it actually
was. Because bin 1 was never emptied and bin 2 was draﬁn from on 2 days,
.nq accurate'check 6ou1d be made on the mass meter until bin 3 had been
‘emptied — late in the injeéfion.l This check indicated that the mass
meter was reading ~257% high, which waé the smallest error noted during
the injection, and-tended tobconfirm that aﬁ error did exist but was

‘not large. }

Keeping the mix ratio comﬁaratively low during an injection provides
several advantages; for example, the mechanical problems are fewer with
a lean mix, and there is less likelihood of depleting the solids while
unused waste SOlution'remains_in the tanks. There is no comparable incen-
tive fo run with a high mix ratio. When instrument readingslihdiéate
different mix‘rétios in these circumstances, the normal tendeﬂéy,-tberé—
fore, is to believe the instfumeht that'shows the higher mix ratio.

In fhis injectidn, the ratio of the pumped volumes gave a better
indication of the mix ratio than did the mass meter; however, even this
indication was ~11% higher than the actual mix ratio. A similar error
was also noted iﬁ Injection ILW-14; the calibration curve for this
indication should probably be-redrawn.. Since this ratio provides a
useful check on the accuracy of the mass meter,.these_readings should
-bon;inue to be taken and combuted during an injection;.

The level measurements on the storage bins were too erratic to be
used for a check on the mix ratio; a.weight»méasurement was needed.

The strain gage on bin 1 performed satisfactorily (except for'a zero
error), as it had in previous injections. The other strain gages, whiéﬁ
have a history of unreliability, did not function properiy dﬁring this
injection, ' '

Thg new lighting system in the mixingvtﬁb worked quite~we11;.this
' _pérennial problem»appearé,fo have been solved. ‘ A

The proportioning of the dry solids was much better for this injection
than for previous injections. Only the first bin that was blended had an

appreciably different composition from the standard mix.
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3.7 Post-Injection Operations

' The prcssure at the injection well was 4;59 MPa (665 psi) on
July 6, 1977. The rate of pressure decrease was proportional to the
logarithm of time until the bleedback operation was started and the
pressure observation‘was stopped. The final observed pressure was
2,14 MPa (310 psi). ‘

Bleedback from Injeétion ILW-15, which was started on August 22, 1977,
and céntinued until October 11, amounted to a tdtél of 6170 & (1630 gal).
The initial rate ﬁas 16.3 2/h (4.3 gal/h), while the final rate was less:
than 1.1 2/h (0.30.gal/h). 'Figufe 16 is a plot-of the recovered bleed-
back volume. This rate of bleedback is quite low in comﬁarison to '
previous measurements, o '

The observation wells were logged. No tface of the injection waé
' found in wells §-220, E-320, NW-100, or N-200, Minor peaks were. noted in
wells N-100 and,N;ISO at 244 m (801 ft) and 249 m (817 ft) respecfively. -
Three peakS'were~observéd in well N-125 at 247 m (810,ff), 247.2 m (811 ft),
and 248 m (815 ft). | ' ‘
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4. TINJECTION ILW-16

4.1 Preliminary Preparations

4,1.1 Waste. transfer and analysis

A proportional sample of the waste solution to be injected is
routiﬁely obtained as the solution-is pumped~from the waste étorage tanks
in Bethel Valley to the waste storage tanks at the éhale fracturing site.
The samﬁle is obtained only shortly before ﬁhe injectioh, however, and
an earlier analysis is needed for mix compafibility tests. TFor this,

‘rcason, a grab sample fromlone of the waste storage ﬁanks in‘Befhel Valley
- was analyzed for tﬁis injection. The ahalyses of both samples are given
in Table 7.. As seén, the results are similar for solubie comﬁonents but
dissimilar for insoluble components. ' o |
The filled tank volumes were as follqwsﬁ T-1, 55,910 2 (14,772 gal);
' T-2, 56,320 & (14,881 gal); T-3, 92,900 2 (24,545 gal); T-4, 94,530 2
(24,975 gal); and T-9, 48,890 & (12,918 gal). ‘

4.1.2 Facility modifications

One measure of the mix rétio-ddring an injection (an&‘a useful check
on the mass meter) is the ratio of grout volume fo wasfe volume, In
injections prior to. ILW-16, this ratio had been calculated at 5-min
intervals from readings'taken fromlthe stroke counter and the turbine
flowmeter. For Injection ILW-16, an instrument was devised to provide
an indication of the instantaneous value of this ratio. A recorded tracing
of this ratio was planned, but the recorder was not available in time
Lor Lhe Lujectlou. . A V

The floats on the Monitrol solids level measuring devices were firmly

‘attached to the cables, Safety lines were also provided,

4,1.3 Preliminary maintenance

Shortly after the complction of Injection ILW-15, the solids remaining"
in the bins were removed and disposed of. The bins and the mass-meter

cone were cleaned, and the mass meter was reworked.

44



Table 7. Composition of waste solution for Injection ILW-16

45

Proportional SampleA’,"

Comppnent  Grab sample
No3“;.§ 0.635 NAZG
NH,t, M 1.5 x 10-5" NA
- A1L3+H M .0.029 NA
kt, M 0.178 NA
Nat, M 2.575 NA
C0327, M . 0.34 NA
OH-, M - 0.49 NA
1, M 0.039 NA -
S0,2", M 0.119 NA
Sbecific gravity 1.1676 NA
137¢s, ci/e 0.065 0.072
(Ci/gal) (0.247)- (0.271) »
90sr, Ci/L 9.8 x 1075 7.7 x 1073
" (Ci/gal) (3.7 x 107%) (0.0293)
60co, ci/2 - 9.0 x 107" : 1.0 x 1073 .
(Ci/gal) (3.4 x-1073) (3.9 x 1073)
134cs. ci/g 5.3 x 107% 4,1 x 1074
(Ci/gal) - (2 x 1073) - (1.55 x 1073)
106Ry, ci/g ' 3.2 x 107%
(Ci/gal) , : (1.2 x 1073)
o Ci/f (Ci/gal) 5.9 x 1076 9.6 x 1077
- (2.25 x 1073)" © (3.64 x 1076)
230py, Cify- 8.5 x 1077
(Ci/gal) (3.2 x 107%)
- 24%cm, ci/g -~ 4,0 x 1076
(Ci/gal) (1.5 x 1079)
242¢cn . ci/ ’ 9.6 x 1077
(Ci/gal).

(3.64 x 1078) "

NA = not analyzed,

SO
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- During the 3 days prior to the injection, several maintenance tasks
were completed. For example, the valves in the high-pressure system
were cleaned and checked and several cores and inserts ﬁere replaced.

In additioﬁ, the remote transmission shifter was connected. TFour of the
valve seats on the injection pump were replaced, the pump was repacked,
and the new packing was "run-in." Examination of the éuction hoses to
the injection pump revealed that they were cemented. Therefore, the
cement was removed from one hose, and the second hose was replaced. The

mass meter was repaired and calibrated.

4.1.4 Plugging and slotting injcction well

Four injections had been made into the éxisting siot at 250 m
(822 ft); operating procedures require that the exiéting.slot be plugged
and a new slot be cut at a depth 3 m (10 ft) above the previous slot. On
November 14, a batch of.cemeﬁt grout was mixed and pumpédvinto the well.
This grout was displaced with 215 gal of water and the well was shut in

‘under pressure. On November 15, the plug failed when tested under pressure.
The plugging oberation was then repeated with a second batch of cement
slurry, which was displaced with 795 ¢ (210 gal) of water. On November 16,
the plug held ét a pressﬁre of 34.5 MPa (5000 psi). When the depth of
the plug was measured, 246 m (806 ft), it was found to be 1.8 m (6 ft)
too high. Therefore, the plug was drilled out to 248 w (814 ft).'

The well was slotted at 247.5 m (812 ft), using pressure that varied
between 31 and 17 MPa (4500 and 2500 psi) at about 570 %/min (150 gpm) .
Thirty-five sacks of sand and 22.7 kg (50 1b) of WG-6 suspender were used.
The well was pressured to 34.5 MPa (5000 psi) but would not break; a |
pressure of 37.9 MPa (5500 psi) was required. The slot was enlarged by
pumping 7600 % (2000 gal) of water, The injection pressure grédually
decreased during this period from 37.9 to 33,1 MPa (5500 to /4800 poi),
ﬁhile the injection rate increased from 380 to 760 %/min (100 to 200 gpm).

4.1.5 Solids blending

Five batches of dry solids were blended and loaded in the storage

_pins at the fracturing site. Four of these were loaded in the storage
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biﬁs, while the remaining one was left in the blending tanks for léter
transfer to an empty bin. The weights of the various ingredients that
were used for the solids mix are given in Table 8,

It has been observed previoﬁsly’that the effectiveness with which
the grouts made from the blended solids will retain wafer varies inversely
with the number of blending transfers to which the solids are subjected.
Blending'operations in the laboratory are comparatively gentle, and a
ratio of 0.72 kg of dry mix ﬁer liter of waste (6 1lb/gal) is almost
always sufficient to bind all the water. Blending operations in the
field are mqrebrigordus, and a ratio of at least 0.84 kg/% (7 1b/gal)
is'usualiy required. Results of the solids compatibility testing for
recent injectionslshow that the blended solids in the P-tank (which'
had been subjected to one less blending. transfer) would bind more waste
per unit weight than. the solids in the various'storage bins. In this
injection, therefore, a test was desired to determine whether one of the
f0ur-blending'transfers could be eliminated without adverse effects on
mix quality. For. this test, the solids in storage bin 1 were to be
transferred one time fewer than the solids in the other storage bins and
any differences in viécosity or pﬁase separation noted. This was
essentially done as planned, although a failure of the Bag solids conveyer
at the start of the blending operafion'complicated the procedure.

The conveyer failed after the trucks containing that day's supply of
cement and fly ash had already arrived. Repairs to the conveyer wbuld
require such a large portion of the day that no time would be left for
blending operations; on the othér hand, the. truck oﬁerétors wanted their
trucks emptied as expeditiously as possible. Accordingly, the contents
of the trucks were transferred into the pressure tanks, one-third of the‘
cement and one-third of the fly ash being charged to each tank; The
following day (after the conveyer had been repaired), the other ingredients
were added to the cement and fly‘ash in the scale tank, and these solids
were blénded and transferred to the storage bin. This procedure was
repeated for the materiais stored in the other two pressure tanks.A

The overall result was that the cement and fly-ash components of the

mix were transferred more times than usual; however, the mix as a whole

was subjected to one less transfer than requiréd by the normél blending



. Table 8. Dry solids mix for Injection ILW-16

Bin 2 -

Total

Bin 1 Bin 3 Bin 4 P-tanks.
Blending 11/10/77 11/11/77 - 11/8/77 11/7/77 11/14/77.
date . _ 3 C : » .
Cement, kg 22,070 (4&,563) 21,400 (47,070) 21,830 (48,030) 21,800 (47,950) 21,250 (46,740)
o 70 T 1,400 (4 . |
Fly ash, 23,210 (51,070)  2€,050 (57,320) 24,290 (53,430) 22,705 (49,950) 23,910 (52,600) "
kg (1h) . o - T A
' Attapulgite, 8,750 (19,250)  §€,800 (19,350) 8,740 (19,220) 8,800 (19,360) 8,405 (18,490).
Clay, kg 4,380 (9,630) 4,470 (9,83) 4,450 (9,800) - 4,640 (10,212) 4,230 (9,310)
© (Ab) - - : A o : _ :
Sugar, kg 25 (52) 25 (54) 25 (54) 25 (54) 25 (54)
(1b) A o ' ‘
58,438 (128,564) 6C,730 (133,514) 59,330

(130,534) 57,970 (127,526) 57,815 (127,194)

8y
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procedure (except for the first batch transferred to the storage bin;
the treatment of this batch was necessarily anomalous). Transfers of
eementpor fly ash are not considered to heve any influence on mix
propertieé; however, it is believed that transfers of attapﬁlgite have a
marked.effect. The imprdvised blending procedure could therefore serve
to confirm or deny thlS belief. ' . -

The follow1ng materlals were used in this 1n3ect10n cement,
Penn-Dixie Type I; fly ash, supplied by the Southeast Fly Ash Company;
attapulgite,'Attepulgite 150 drilliﬁg clay; clay, "Indian Red" pottery
‘clay, supplied by the American Art Clay. Company; sﬁgar, delta gluconolaetone;

4,1.6 Tests of mix compatibility

Samples of the blended dry selids'from each of the‘stbrage bins and
- the second pfessure tank were tested with synthetic waste solutions. ‘
A few tests were also made with water. Phase separation and rheological
properties‘were determined for grouts made with various mix ratios. Most
of the tests were made with grouts that were prepared by mixing the dry -
solids and waste solutlon at both 5000 rpm (to stlmulate down-hole
condltlons) and 2000 rpm (to stimulate tub condltlons) The samples
from b1ns 2, 3, and 4 were much 11ke those tested for Injection ILW—15
they were qu1te fluld, éven at mix ratios of 1.08 kg/2 (9 1b/gal), and
little difference was observed between the charaeterlstlcs of the g;oute
sheared at:2000 rpm and those sheared at 5000 rpm. The pﬁase sepatetion
of these grouts was “2% at 0.96 to 1.08 kg/2 (8 to 94lB/ga1). The
"apparent viscosity" was 30 cP at 0.96 kg/% (8 1b/gal) and 50 cP at
1.b8 kg/e (9 lb/gal)f However, grouts made from.bin 1 and pressure- tank
samples had appreciably different characteristics. The phase separation
- of these grouts was <2% at 0.84 Rg/n (8 lb/gal), and the. "apparent ' -
v1scos1ty" was V35 cP at 0. 84 kg/l (7 1b/gal) and 50 cP at 0.96 kg/2
(8 1b/gal). The grouts made from SOlldS in these bins at a mix ratlo of -
0. 84 kg/e (7 1b/gal) resembled the grouts made from SOlldS in b1ns 2, 3,
and 4 at a mix ratlo of 0.12 to 0.24 kg/2 (1 to 2 1b/ga1) greater. fMix

compat1b111ty data aL 5000 rpm are shown in Table.9.
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Table 9. Mix compatibility tests for Injectién ILW-16% -
(All tests made at 5000 rpm)

Mix ratio’ Density ' Phase ' Apparent

Bin . — separation  viscosity
numher (ke/0) C]h/ga]) (ke /0) (1h/ga1)' (%) A(cP)
4 0.8 7 1.45  12.05 4.1 25
: 0.96 8 ©o1.47 0 12,220 1.6 37
1.08 9 1.50 12.50 1.2 © 58
3 0.84 7 1.48 12.30 6.4 21
0.96 8 1.51 -12.55 3.2 .29
1.08 9 1.54 12,85 2.7 hh
2 0.84 7 l.44 12,0 3.8 22
. 0.96 8 1.47 12,25 1.7 35
o -1.08 9 1.50 12.50 0.78 56
1 - 0.84. 7 1.43 11L.9 1.6 hl
0.96 8 1,48 12.35 0.8 76
P-tank 0.84 7 1./6 12,15 Nil 28
0.96 8 Nil 53

1.48 12,30

. dData obtained from J. G. Moore.
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Grouts made with water and the solids in bin 1 had a phase separa-
tion of 3% at a mix ratio of 0.84 kg/f% (7 1b/gal). The "apparent

viscosity" of this grout was ~40 cP under tub conditions.

4,2 1Injection

Sufficient solids were on hand to permit the injection of 333,100 2
(88,000 gal) of waste [leaving a heel of 3030 2 (80Q gal) in each tank]
and 18,960'24(5000 gal) of water at-é mix ratio of very nearly 0.84 kg/2
(7 .1b/gal). Tests of the blended solids had indicated that considerable
phase'separationAwould be expected t6 occur- at this mix ratio. The
relevancé of the phase separéfion tests to the undergroﬁnd'situation
(in which the grout sets under considerable ﬁ;e3sure) is in some doubt,

however, and the 0.84 kg/l 7 lb/gal) mix ratio was ‘chosen for this
A injection. ‘

Prior to the iﬁjectioﬁ, the fracture was redpened and expanded by
pumping water -through the fracture. The fraéturefwas reopened at a
pressure of 37.9 MPa (5500 ﬁsi)'and a flow rate of 380 &/min (100. gpm);
after several minutes, the rafe was increased to 760 %£/min (200 gpm) and
the pressure had dropped to 33.1 MPa (4800 psi). Appfoximately 7600 ¢
(2000_gél) of water was pumped. :

The injection was begun at 0922 on November 17, 1977. Since no
appreciable solids flow could be obtained from any of the four bins, the
injection'was temporarily halted to correct this situation. Solids flow
' was ‘started from bin 1, and the injection was resumed at 0927 with waste
from tank T-3, - The initial injection pressure was just under the 34.5-MPa

(5000-psi) operating 1imit; to keep the pressure from exceeding this .
limit, the injection pump was operated at a lower-than-usual volumetric
rate — 2720 2/min (190 gpm).' Plots of the injection.pressure (wellhead
_measurement) and waste flow rate throughout the injection are.shown in
Figs. 17 and.18. The flow rate readings are average'valuesv(usually
over a 5-min period) indicated by the turbine flowmeter.

The'mix ratio during the injection-was obtained by dividing the

solids flow indicated by the mass meter by the liquid flow indicated
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by the turbine flowmeter. A check on this mix ratio was obtained by
dividing the volume of grout pumped over a short time interval (measured
by the stroke counter on the injection pump) by the volume of waste
pumped over the same interval and usiﬁg the correlation shown in Fig; 13
to relate the volume ratio to the mix ratio, The upper line of the
correlation (90% pump efficiency) was used in all volume ratio calculations
for this injectiom. ‘
Durihg the injection, the mix rétio was calculated at 5-min intérvals
from both mass-meter and volume ratio indications and compared. .This
comparison is shown in Fig. 19. Starting about 1000 h, a cqnsistent4
difference between .the‘ mass-meter and volume ratio indications is evident.
This difference could have resulted from a solids buildup on the mass-
meter senéing cone, an error in the turbine tlowneter reading; the use
of the wrong volume ratio‘correlation, or some unsuspected factor.
Since the difference was not large enough to he really significant and
was not increasing, no corrective action was taken.

At 1044, solids flow became erratic and was switched to bin 3. All
instruments (strain gage reading, level reading, mass-meter reading, and
volume ratio readings) indicated that a considerable quantity of solids
'still remained in bin 1; therefore fhe'solids flow was switched back to
bin 1. The flow remained somewhat erratic and was switched several times
before it stabilized and the remaining bin contents could be withdrawn.
Finally, the flow was switched to bin 3 at 1130. A

At 1245, the mass meter stopped functioning. From this time until
the end of the injection, the only available measurement nf the mix ratio
was that derived from the volume ratio. . Beranse this measurement wac
an "after-the-fact'" measurement, it gave an average value of what the.
mix ratio had been; it did not give an instantaneous value of the mix
ratio at a particular moment. (The experimental ratio indicator that
could have given such an instantaneous value had developed a considerable
bias and could not be trusted.) Estimation of the mix ratio from visual
observation of grout in the mix tub was found to be unreliable. Only
very thick (>1.2 kg/# (L0 1b/gal) or very thin [<0.24 kg/% (2 1B/ga1)]

grouts could be recognized; all concentrations between these extremes:

appeared to be essentially the same. The method of mix control that was
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improvised for the remainder of the injection was to change the solids'
flow control valve as little as possible, to make changes to the setting
only if the grout appeared too thick or too thin or if a volume ratlo
reading indicated that a change was desirable. The resulting control. of
the mix ratio was rather erratic, as can be seen in Fig. 19. ‘ Generally, .
a fairly constant mix ratio could be maintained for 20 to 30 min, then
an adJustment would overcorrect and the grout would become quite th1n

or qu1te thick., These fluctuatlons averaged ‘out over a period of time,v
however, and the average mix ratio was about 0.73 kg/k (6.1.1b/gal).

At 1308, the 1n3ect1on‘was interrupted because the window of the
Vsolids'hopper hadlbecome completely obscured with dust. After the window
"had been washed, the injection was restarted (at 1310); howeVer, it was
necessary to halt the injection again and wash the hopper in order to
effect: solids flow. The injection was restarted at 1320.

By 1400, the injection pressure had fallen to about 27.6 MPa (4000 psi)
and the injection rate could be increased. During the final 2 h of the
-injectioh, the injection rate averaged'870 2/min (230 gpm of slurry
[610 £/min (161 gpm) of wastej. ' |

At 1610, thé injection pump diesel threw a cohnecting rod'through
the block. The standby pump was used to wash the well and to pump the
slot clear of grout. The well was valved shut, and the equipment was
washed. The injected waste volumé was 208,924 2 (55,198 gal); the total
amount of solids consumed was 178,200 kg (392,000 1b). _

The' ptressutes in the rock cover wells were read prior to the injec-
tion and at intervals during the injeotion.A These readings'are giveh

~in Table 10. An appreciable'pressure change was noted in several wells. .

4.3 Data Analysis

The volume of waste solution or pit water pumped during this
injection was measured by‘three methods. The solution flow to the mixer
.was measured by a turbine flowmeter as well as a recording orifice meter.
The volume of waste solution that was. pumped out of the waste storage

tanks was measured by the change in tank solution level.



Table 10, Pressure readings, in kPa (psig), for rock cover wells — Injection ILW-16

Rock Reading taken on November 17, 1977, at:
cover . : - - . -
well Pre-Injection 1020 -+ 1210 1500 1635
 E-300 83 (12) 76. (11) 69 (10) 48 (7) 103 (15)
NE-125 o 141 (20.5) 131 (19) 148 (21.5) 186 (27) 221 (32)
NE-200  -21 (-3) 41 (6) 21 (3) 7 (D) 24 (3.5)
N-200 ~41 (-6) -7 (-1) ~3.5 (-0.5) -3.5 (-0.5). =34 (=4.9)  -48 (-6.9)
CN-275 . 13.8 (2) 24.1 (3.5) 3.5 (0.5) L =3.57(=0.5) -3.5 (-0.5)
NW-175 =17 (-2.5) . -10.3 (=1.5) - 276 (40) . 355°(S1.5) 303 (44) 269 (39)
NW-250 41 (6) 27.6 (4) 200 (29) 393 (57) 362 (52.5)
W-300 0 0 0 A 0 0
'§-200 131 (19) 131 (19) 121 (17.5) 128 (18.5) 300 (43.5). 293 (42.5)

LS
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Ali three measurements gave essentially the same. results (within ~5%).

In the time interval betﬁeen 1320 and 1448, for instance, the tank level
measurements indicated that 49,542 % (13,089 gal) of waste had been pumped,
the turbine flowmeter indicated 47,150 £ (12,457 gal), and the orifice
meter indicated 46,574 % (12,305 gal). . A section of the orifice meter
recorder chart is shown in Fig; 20 to indicate the normal flow fluctua-
tionsbthat occur during all injections but are obscured in the average
values that are usually reported. Because the turbine meter readings

are generally more convenient to use than the tank level readings or the
orifice meter readings, they are used in the subsequent calculations.

The volumes of grout that were injected were measured by the stroke
counter on the injection pump. These volumes were recorded at 5-min
intervals;

Bin levels (plumb bobs) and bin weights (strain gages) on bins 1 and
3 were also noted at intervals., Bin 2 has no'usaﬁle‘level or weigh gage
installed,Aand the injection was completed before the contents of bin 4
were used,

The strain.gage on Bin 1 functioned satisfactorily in this injection,
as it had in all previous ones. At 1130, when the bin was fihaily judged
to be empty, the strain gage indicated <5% solids remaining. The compar-
atively few plumb bob readings taken on this bin indicated a solids level
~20% higher than the strain gage readingé.

The bulk storage bins contained a considerable amount of solids at
the end of the injection. Bin 1, which had been refilled with the solids
stored in the‘blending~tanks, was,fullg bin 4 was full; bin 2 was empty,
and bin 3 contained an estimated 450 kg (1000 1b).

The mix ratio (the weight of drjr s0lids mixed with each valume of
waste sélution or water) is automatically determined during the injeétion
by dividing the reading of the mass flowmeter by the reading of the
turbine flowmeter. This ratio is recorded. A check on the mass flowmeter
readings is provided by the ratio of grout volume to solution volume. |
This ratio was calculated at 5—min intervals during the injection and
converted to a mix ratio by means of the correlation shown in Fig. 13.

A plot of both of these mix ratios is shown in Fig. 19. AAcomparison of

these mix ratios indicates that during the time the mass meter was working
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it was indicating a mix ratio from 5 to 15% higher than that calculated
from the volume ratios. For this injection, the mix ratio calculated

from the mass-meter readings correlates better with the measurements of
solids consumption than does the mix ratio calculated from the volume
ratio; therefore, it appears that the mass—-meter mix ratio was‘the correct
one during the first half of(the injection. During the later part of

the injection (when.the mass meter was inoperable), héwever,‘the ﬁix ratio
>calculated from the volume ratio checked very closely with the quantity

of solids withdrawn from bin 2 and is ﬁhus probably very nearly correctf
Unfil 1245, therefore, the mix ratio averaged:NO{86 kg/% (7.2 1b/gal);
from 1245 until the end of the injection, it averaged "0.84 kg/%

(7.0 1b/gal). '

4.4 Evaluation of the Injection

The diesel drive of the injection pump failed about two-thirds-of
the way through Injec;ion'ILw-16. In addition, other problems were
encountered: ‘(l) there was difficulty in starting the flow of solids
from the bins, (2) the mass meter stopped functioning approximately one-
third of the way through thg injection, and (3) the injection pressure was
uncbmfortably high throughout the entire Qperatioﬁ. Until the final
. pump failure, however, this injection geﬁerally ran more smoothly than
did previous ones. Positive aspects were the satisfactory performance
of the waste pumps, lack of transmission problems with the injection
puﬁp, and acceptable control of the mix ratio (quite good in the first
half of the injection .and adequate in the second half). -
Defermination'of the mix ratio from the ratio of puﬁped volumes is
clearly a useful check on thé mass meter and a vital emergeﬁcy backup.
An instantaneous reading and recofding of the volume ratio would have been
useful during this injection since they would have permitted much more
precise;control of the mix ratio during the last half of the injection
(after the mass meter had-failed). Provision for these readings will
be made for Injection ILW—lZ.
The solids in bin 1 that had been blended one time less than the

solids in bins 2-4 flowed almost as easily and'mixed as readily as those
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in the other bins.. A reduction in the number of blending transfers
s1mp11f1es the blending procedure somewhat, improves the mix propertles
apprec1ably, and appears to ‘have no effect on bulk flowability.

Some difficulty was experienced in startlng the solids flqw froﬁ

each of.the bins. The rééson for this difficulty is not known.

4.5 Post-Injection Operations

The pressure at the injectioh well dropped from 4738 kPa (687 psi)
at 18.hAafter'the injection had been compléted to 297 kPa (43 psi) at
18 déys after the‘injection. . This rate of pressure fall is mﬁch‘more o
rapid than that obserﬁed after Injection ILW—iS. The values measured |
for Injection ILW-16 are given in Table 11. | o

A bleedback operation was attempted, but no water was‘recovéred.

-All of the observation wells, except NE-125, were lqggéd.- No trace
of the injection was seen in E-300; hoWevér, miﬁor peaks'wefe noted in wells
'N—lOO and NW-100 at 232 m (763 ft) and 230 m (754 ftr) respectlvely . An
enlargement of an ex1st1ng peak was observed in $-220. at 240 m (788 ft).

A new peak was seen in .N-150 at 239 m (783 ft). The cap on well NE-125
had been brokeﬂ by freezing, and a small Volﬁﬁe,of contaminated water

had leaked from the well. Therefore, this well was not logged;
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Table 11, Wellhead pressure readings
after Injection ILW-16

DPrecasure
Time (days) B (kPa) - ~ (psi)
0.75 | 4738 687
4497 . 652
_ 1897 . 275
11 ﬂ 897 ‘ 130
14 A 441 64
15 - S VA 60

18 ' 297 A




5. INJECTION ILW-17-

5.1 Preliminary Preparations

5.1.1 Waste transfer and analysis

The waste solution to be 1nJected was accumulated in tanks W-8 and
W-10 in Bethel: Valley. The volumes in these tanks were 114 000 &
(30,000 gal) and 189,000 2 (50,000 gal)- respectlvely. A grab sample of
the solution in each of these tanks was taken and analyzed for radio-
chemical constituents. The results are given in Table 12. No chemical
analyses- of the waste solutlon were made for this 1nJect10n.

The filled tank volumes were as follows: T-1, 55,912 ¢ (14,772 gal)
T-2, 56,325 & (14,881 gal); T-3, 92,445 & (24,424 gal); T-4, 93,414 g
(24,680 gal); and T-9, 49,205 & (13,000 gal).

5.1.2 Facility modifications

A new diesel engine was provided for the:injection'puop [Cummins
VT- 1710 C, 470 kW (630 hp) at 2100 rpm]

An arrangement of air pads was installed on each of the bulk storage
.bbins. Sixteen pads,. l9 em (7-1/2 in.) by 9.5 cm.(3-3/4 in.) overall, |
were installed on each bin at four levels: 25 cm (10 in.) from the bottom

outlet (measured along the side of the cone), 63 cm (25 in. ),'102 em (40 in.),
.and immediately below the junction between the cone and the vertical
sides [3 m (10 ft) .from the ‘bottom outlet] The pads in the bottom three
levels were allgued vertically while thoseé in the top level were staggered.
 Air was supplled to each vertical row of four pads at 0.71 m3/min
(25 cm) and 20.7 kPa (3 psi). Figure. 2l illustrates the arrangement of
two sets of pads. '
A recorder was obtained for the volume ratio (volume of grout .

per volume of waste) measurement,

63
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- Table 12, - Composition of waste solution for Injection ILW-17

Tank W-1U

6.3 x

2.4 x 1076 -

' Tank W-8
Component (ci/9) (Ci/gal) - (ci/g) . . (Ci/gal)

60¢co 7.9 x 10°% 3,0 x 1073 6.3 x 10°% 2.4 x 10~3

134cg - 8.5 x 107% 3,2 x 10-3 2.6 x'10°% 1,0 x 103

137¢s 8.2 x 1072 3,1 x 107! 6.8 x 1072 2.6 x 107!

905y 3.0 x 107% " 1.0 x 1073 3.2 x 107% 1.2 x 1073
'IOGRu 3,1.x 1073 1.2 x 10”2 ~None- None =

24Lcn None None 1,19 x 1075 4,5 x 1075

© 239-240py 10”7 None None
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5.1.3 Preliminary maintenance

After the completion of ILW-16, the solids remaining in the bins
were removed and disposed of. The bins were cleaned, and the mass meter
was cleaned and reworked. A

During the 4 days prior to Injection ILW-17, the valves in the
high-pressure system were greased and worked. The cement was chipped
out of one valve (V-9), and a 15-cm (6-in.) nipple was replaced. The
core and inserts were changed on valves V-5 and V-14, and the relief
valve was repaired. The injection pump was repacked, and new plungers
were installed: all valves on the pump, two seats,-aﬁd the pot gaskets
were replared. A ‘ '

. Preliminary testS'Of the mass meter showed a consistent and grhssly
erroneous reading. Because the false reading could not be corrected
prior to the injection, this instrument was not operated during the

injection,

5.1;4 Slotting injection well

Pressurization of the injection well to break down the formation
was unsuccessful. It seemed likely that fhe slot was plugged and that
a new'slot would have to be cut. Toward this end, the wellhead was rigged
for slotting, and'thé.tubing string was lowered to tag the bottom. The
bottom was found to be at 246 m (807 ft) — approximately 15 m (5 ft)
above the slot. |

The well was slotted at 244 m (802 ft). The slotting pressure
varied between 31 MPa'(ASO psi) at 570 2/min (150 8Pm)lagd 25 MPa
(3506 psi) at 640 &/min (170 gpm). Tﬁirty—five sacks of sand 'and
. 22 kg (50°'1b) of WG-6 suspender were used. The wellhead was rerigged for
pumping, and the well was'préssurized to break down tﬁe formation. Break—
down occurred at 24 MPa (3500 psi) and 420 %2/min (110 gpm). The fracture
was enlarged by gradually increasing the flow to 757 %/min (200 gpm) at
25 MPa (3700 psi). A total of 2500 & (660 gal) was pumped. "

5.1.5 Solids blending

Five batches of dry solids were blended and loaded in the storage

bins at the fracturing site. TFour of these were loaded in the storage bins,
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while the remaining one was left in the blending tanks for later transfer
to an empty.bin. The plumb bob level indicator on bin 3 became stuck
in a down position, and it was feared that if a full charge of solids
were put in this bin, the indicator mighf break loose from its cord and
plug the bin Outlgt,-as had happened in Injection ILW-15. For this
reason,-ohly two P-tank loads of solids were charged to bin 3; the third.
P-tank load that would have normally been put into bin 3 was divided
among bins 1, 2, and 4. As a consequence, the weight of solids charged
~to the individual bins was not précisely known fdr this injection. The
weights of the various ingredients that were used fdr the solids-mix are
‘given in Table 13. A
For Injection ILW-17, the solids contents of bins 1, 2, 3, and 4
were determined in the weigh tank and then transferred sucéessively to
a P-tank énd a‘stofage bin. AIhisiabbreviated‘blending procedure, which
involved one fewer transfer than had been used in previous injectionms,
resulted in an improvement in several fesbects,
The Portland cement was obtained from'Ideal Basic Industries; the
other mix components were obtained'from‘the séme'suppliers as in

Injection ILW-16.

5.2 Injection

The mass metér could not be made operable for this injection without

a lengthy delay. Accordingly, the decision was made to monitor the
proportidhing of solids and waste by volume raﬁio calculations (as. was
done during.the last half of Injeétion ILW-16). Here the volume ratio is
the ratio of the volﬁme of the injected grout (measured by the injgétidn—
" pump stroke counter) to the volume of the waste solution (meaSuréd by .
the turbine flowmeter); this ratio is directly dependent on theé proportion
at which the waste solution and the dry solids are mixed. A plot of the
correlation between these ratios is given in Fig.'l3. The middle line:
of the corfelation was used for the volume ratio calculations for this
injection.- ‘

. The volume ratio can be obtained by two methods, both of which

were used in this injection. In one method, the volume of grout and the



Tatle 13. Dry solids mix for Injection ILW-17

Blending date

Bin number

Cemént; kg
(1b)

Fly ash, kg
(1b)

- Attapulgite,
kg (1»)

Clay, kg

- (1b)

Sugar, kg -
(G 1-) R
Total, kg

(1b3

57,314

8/21/78

4 .
21,236 (46,720)

8,414 (18,550)
£,355 (9,600)

24 (54)

8/22/78

3,1
23,244 (51,243)

23,329 (51,430) 24,513 (54,040)

8,754 (19,300)
4,432 (9,770)

24 (54}

(126,354) 60,967 (134,407)

26,490 (58,;410)

&/24/78
s 1, 4

20,902 (46,080) 2C¢,355 (44,875)

2,512 (51,835)
,333°(18,370)
4,336 (9,560)

24 (54)

(132,479) 5€,361 (124,694)

8/25/78

_P-tanks

21,242 (46,830)
20,380 (44,930)
8,587 (18,930)
4,246 (9,360)
24 (54)

54,479 (120,104)

89
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volume of waste puﬁped during a given time interval (usually 5 min) are
noted from the stroke counter and integrated flowmeter readings. . These
4readings are subtrscted from previous readings, and the ratio of these
dlfferences is the average’ volume ratio for that partlcular t1me interval.
The ratio indicator provides a second determination of the volume ratio.
ThlS device, first used in InJectlon ILW-16, takes signals from the stroke
counter and the waste flowmeter and prov1des an indication of the volume
ratio at that particular moment. This indication was zeroed during the
preinjection slotting operation; it was recorded in:Ihjection ILW-17.

Prior‘to the injection, the fracture was reopened and exoanded by
,hpumping water through the fracture. The fracture was reopened at a
pressure of 41 MPa (6000 psi) and a flow rate of 454 &/min (120 gpm).
Approximately 3000 & (800 gal) of water was pumped. .

The injection was begun at 0832 on September. 1, 1978, with water -from
the waste pit and solids from bin 3. The initial fiow rates were kept low
to minimize the injection pressure; after 15 to 20 min, the injection
pressure had dropped suff1c1ent1y that the 1n]ect10n rate could be
increased to about 606 £/min (160 gpm) of waste [908 2/min (240 gpm) of
" grout]. Plots of(the‘anecclon pressure {wellhead meesurement) end waste
flow rate throughout the injection are shown in Figs. 22 and 23. The flow
rate readlngs are average values (usually over a 5-min period) 1nd1cated
by the turbine flowmeter. ‘

During the injection, -the volume ratio was- calculated at 5-min ’
intervals and the correspondlng mix ratio was determlned from the
correlation shown in Fig 13 These velues for the mix ratio are plotted
in Elg 24, 1In Flg 25, the equlvalent values from the recorded instan-
taneous volume retio are given. These numbers are v10% lower than those
in Fig. 24 for the first 30 min of the injection, drastically lower for
thelnextAhoor, and then almost identical for the remainder of the
injection. ‘No reason is known for the erratic performance of this
instrument during the first 2 h of .the injection.

The usual method for controlling the mix ratio (varying the solids
feed rate to maintain an indiCatedvmix.ratio)'could not‘be'used,in this

~.injection because the mass meter was inoperable. Since the method of mix
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control used during the last half of Injection ILW-16 (occasional
adjustment of the solids feed rate to correct the calculated mix ratio)
had resulted in rather erratic control, a different operational technique
was tried for this injection. After the injection conditions had
stabilized, the solids flow valve‘was left in a fixed position aﬁd the
mix ratio was controlled by bypassing waste solution around the mixing
jet. If a different mix‘ratio was required, the volume of the bypass
stream was reduced'orvincreased, as needed, and no adjustment to the
solids flow valve was made. This operating procedure was found to work
exceptionally well; fluctuations in the mix ratio were smaller‘and less
frequent than in previous injections and the corrections that had to be
made were smaller and less frantic than those made heretofore.

In‘genéral, the flow of solids to the mixer in.this injection was
much improved over that in previous injections. Three factors were
thought to be possibly significant: (1) the installdtion of the new
air pads may have prevented the solids from sporadic bridging at the
bin outlets, (2) the different operating technique (discussed in the
previous paragraph) resulted in far fewer changes being hade to the
solids flow rate and gave this flow time to stabilize, and (3) solids
that had been transferred twice during the blending opefation (as was
the case in this injection) had better flowability than those transferred
th}ee‘times (as was generally done in previous injections). The first
of these factors is thought ‘to have Ehe major effect. .

Twice during the injection — at 1113 and at 1634 — the window of the
solids hopper had become completely obscured with dust and the injection
was halted. The hopper was subsquently washed, and the injection was
restaried.

Aé usual, some flow instabilities occurred whenever the waste pump
suction was switched from one waste tank to another.A At such times, the
waste pump would lose its prime and several minutes would be required
to reestablish normal flow. Except for these irregularities, the injec-
tion proceeded quite smoothly, '

During the run, a running total was kebt of the calculated consumption
of dry solids. By about 1200, it was clear that the calculated consumption

was higher than the actual consumption by ~157%; thus the mix ratio‘was'
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i increased to ~0.96 kg/% .(8 lb/gal)<to cbmpensate for the discrepancy.
-By 1500, when bin 1 ran empty, another check was poSsible.l Because the
results indicated that a‘difference between caleulated and actual
consumption still existed, theﬁmix ratio was increased again — to between
l.08 kg/2 (9 1b/gal) and 1.2 kg/l'(lo lb/gal)L These high apparent ratios
were maintained until the the injection-had been completed. N ' ‘ |
| At 1826, the waste tanks were essentially empty and flow was sw1tched

to fresh water. The SOlldS flow was stopped at 1834, and the 1nJect10n
~ was ended at 1840. . _

The wiper plug was pumped down the well with 3180 & (840 gal)
of water. Another 2380 #& (630 gal)rwas pumped ddwn the casing annulus..
Then the well was valved shut, and the equlpment was washed During
‘.the washdown pperation, one of the hoses between the sump tub and the ..
suction manifold of .the HT-400 was found to be plugged with sand.

Readings of the pressures in the rock cover wells (Table 14) were
taken at intervals during the injection. These pressure changes are |

smaller than those usually observed.

5.3 Data Analysis’

The volume of waste solution or pit water pumped during'thisA
injection was measured‘by three methods. The solution flow to the mixer
was measured by a turbine flowmeter as well as a recording orifice meter.
The volume of waste solution pumped was measured by the ehange in tank
solution level, The.agreement between t:he tank level measurements and
the turbine flowmeter readings was very good; the orifice meter readings
were V97 low. For the time interval during which waste was being pumped :
from the storage tanks (between 0906 and‘l752),Afor instance, the tank
level measurements indicated that 292,150 & (77,186 gal) of waste were
pumped thevturbine‘flowmeter indicated 294,610 % (77,837 gal), and the
bor1f1ce meter 1nd1cated 268, 800 2 (71,018 . gal). The turbine meter
readings are generally more convenient to use than the tank level readlngs
or the orifice meter readings; therefore, they are used in the subsequent

calculations.



Table 14. Pressure r

eacings, in kPa (psig), of ‘tock cover wells .

14;.3v(20.5)

curing Injection ILW-17
Rock Reaéiné taken on September 1, 1978, at:
cover ' § :
well . 0920 1240 1440 1540 1720 -
E-300 148 (21.5) 210 (30.5) 1238 (34.5) | 2a1 (35) 252 (36.5)
NE-125 0 0 -17.2 (-2.5) ~24.1 (-3.5) -32.4 (-4.7)
NE-200  -37,2 (=5.4) -64.1 (-6.%) -73.1 (-10.6) 77.9 (-11.3) -81.4 (-11.8)
N-200 -40.7 (=5.9) 67.6 (-5.8) -71.0 (-10.3) -~ . -74.5 (-10.8) -84.8 (-12.3)
N-275 31.0 (4.5) 20.7 (3) 3.4 (0.5) 0 -4.8 (-0.7)
NW-175  -20.0 (-2.9) ~47.6 (-€.9) ~57.2 (-8.3) -60.7 (-8.8) -69.6 (<10.1)
NW-250 34.5 (5) $20.7 (3) 3.4.(0.5) o -6.9 (<1.0)
W-300. -3.4 (=0.5) “5.4 (-0.5) o 3.4 (-0.5) o
5-200 1 137.9 (20) 234.5 (19.5) 131.0 (19)

137.9 (20)

9L
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The volumes of grout injected were measured by the sttoke counter
on the injection pump.. These volumes were recorded at 5-min intervals

Welghts (straln gages) on bins 1, 3, and 4 were noted at 1ntervals
Bin 2 has no usable welgh gage‘lnstalled The b1n level measurements
(plumb bobs) were not used in this injection because of a fear that the
float part of the unit might be broken from the unit, as had occurred‘in
an earlier injection. ' ‘ |

‘The readings obtained with the strain gage on b1n 3 were not .
credlble 51nce they indicated that the amount of solids w1thdrawn was
26% of the amount determlned via the mix ratio calculations. The straln
gages on bins ‘1 and 4 indicated that the amount of solids withdtaWn was
between 77 and 92% of that suggested by the mix ratio calculatjions.,
The latter numbers are not unreasonable since the mix ratio calculations
indicated that more solids were being consumed than were originelly
stored in the bins. The strain gage‘measurements generally shdwed a
'uniform withdrawal rate of solids; Fig. 26 shows_theicalculated amount
of solids withdrawn from bin 4 based on strain gage measutemeuts and on
: mix ratio calculations, V 'v o A |

The bulk storage bins contained an- appreciable amount of.SOlids at
the end of the injection. Twenty truck loads of solids were removed
from the four storage bins: six loads from Bin 1, six from bin 4, four
from bin 2, and four from bin 3. Each truck load is estimeted to
contain ~1000 kg (2200 1b) of solids. The ueight of solids charged to
bin 3 was 40,610 kg (89,530 1b), and the weight of solids cha%ged to
the P-tanks was 55,256 kg (121,817 1b). The weight:of solids;chatged.
to each of the other threevbins is somewhat uncertain because: one ‘
18,100-kg (40,000-1b) Batch'of solids was divided among the tﬁree bins
and the precise quantity of solids charged'to,each bin could uot be
‘determined. It is estimated, however, that bin 1 contained 66,680 kg
(147,000 1b) of solids, bin 2 contained 64,000 kg (141,000 1b), and
bin 4 contained 63,500 kg (140,000 1b).. One needs -only to subtract the
amount of solids remaining at the end pf:the injectien from these numbers
in order to obtain the approkimate weight of solids consumed. These
numbers, given in Table 15, are compared with the calculated solids

consumption based on the volumetric ratio readings and the correlation



© SOLIDS CONSUMED (kg)

. ORNL DWG 80—1001

~ SOLIDS CONSUMED (Ib)

m B B ! T
| | / - 120,000
50,000 1= MIX RATIO RV I
| CALCULATIONS , e |
40,0C0 |- ~ _ |
| _e-* ~ —{ 80,000
30,000 /<. . . 4 .
20,000 | " “STRAIN GAGE a4
| ' MEASUREMENTS 0,000
10,000 |- | |
B — | 1 B
1500 1530 1800 1630~ 1700 1730

" CLOCK TIME

Fig. -26. Two measureménps of solids withdrawm fnﬁm_bin 4 during
Injection IIW-17. : : . )
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Table 15. Comparison of mix ratios for Injection ILW-17

- Actual solids ' ) Actual mix Calculated Calculated
’ use - Waste volume ratio . solids use mix ratio :
. - Actual
Time Bia (kg)  (1b) (2 (gal) ~ (kg/2)  (1b/gel) (kg) (1b) - (kg/2)  (lb/gal)  calculated

0832-0952 -3 36,680 80,700 45,800 12,100 = 0.80 6.67 41,550 91,600 0.91 7.57 0.88
O§52—1232 2 60;100 132,200 92,090 24,330 ° ° 0.65 5.43 78,650 173,400 0.86 7.13 0.76
1232-1507 1 64,500 142,000 85,590 23,670  0.72 6.0C 78,830 173,780 0.88A 7.34 ‘0.82
'1507-1708 " 4 57,600-' 126,800 67,300 17,780 0.86. 7.13 63,890 140,850 0.95 7.92 . 6.90

1708-1834 1 51,600 113,600. 48,370 12,780 1.07 8.89 55,260 121,817 1.14 9.53 0.93

6L
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given in Fig. 12. It seems appareht from the .data in Table 15 that the .
calculated mix ratio was 10 to 20% higher than the actual mix ratio.
This error can be compensated for in future injections by an alteration

of the calibration curve (Fig. 12).

5.4 Evaluatianof>the Injection

The mosf,distiﬁguishing feature of Injection ILW-17 was the smooth-
. ness of operation. Tﬁe solids flowed evenly from the bulk storage bins
without the stops, starts, and slug fiow characteristic of solids

fldw dﬁriﬁg prcvious injcctions.. Also, the control of the sélids to
liquid m1x1ng was dev01d of the 30-min cycles that were so apparent dufiﬁg
the last half of Injection ILW-16. This improvement was largely the
result of a different operator technique, but was assisted by. the more
“uniform solids flow. ‘ ‘ '

' Some irregular opération occurred immediately before and after the
suction of fHe waste pump waslswitéhed from one waste_tank‘tb aﬁother.‘-
The -waste pump loses its prime, and a period of severél minutes is reqﬁired
before normal operation can Be resumed. This problem appears to be
characteristic of the de31gn of the waste Piping system and probably '
cannot be easily corrected.

Perlodlc cleanlng of the mixer hopper is- stlll required, sometimes
because v151qn into the hopper-gradually becomes obscured and ‘on other
' occasions because solids accumulate in the hoppér and interfere with
ﬁprmal flow. No simple correc;ion for such situations can be suggested.
'All instrumentation (except for the mass meter) worked well. Even

the strain gages on two of the solids storage bins gave reliable readings.

5.5 Post-Injection Operations

The pressure in the annulus of the inje¢tion Wéll was observed at
intervals after the injection. The final injection pressure, which was
186 MPa (2700 ps1), fell to V6.9 MPa (1000 psi) approximately 30 win -
after the end of the iﬁjection and declined slowly thgreafter. The rate
of pressﬁfe decay-was lower than after Injection ILW-16 but about the"

same as after Injection ILW-15.
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Following the injection, all thé cased observation welis that were
serviceable were logged. Well NE-125, whose casing had been pulled apart
' duriﬁg Injection ILW-13, is_badly contaminated and no ionger usable. The
casing of well W-300 was fuptured dﬁring Injection ILW—14. No grout.
sheet that could be attributed to injection ILW;17 was observed in
~well E-300, N-100, or NW-100. A new peak was observed in well $-220 at
240 m (787 ft); in addition, a possible peak was observed in'well N-150
at 252 m (826 ft).‘ The log is somewhat ambiguous, however, and the latter

peak may simply be highef;resolution of an éxisfing peak,
‘ A bleedback of free water from injection ILW-17 waé attempted. -No
water was collected. | ' .

The rock cbver'monitofing wells were tested to determine'the'rate
of watef acceptance. Eaﬁh well was.pressurized‘tb 517 kPa (75 psi) with
a gas cylinder, and the volumes of water accepted after 1 and.2 h were
determined. With the -exception of well W-300, the results obtained were
quite similar to“ﬁhoSe 6btained on previbqs occasions, indicating that
thé integfit& of the overlying rock formation has not changed. - (In the
case of W-300, a ieakAat the coupling precluded any meaningful,data.)‘

The results are given in Table 16.



" Table 16.
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Water acceptance rates for rock cover monitoring wells,

in %/h (gph)

Rogk, 1979

cover —

well First hour - Second hour First hour Second hour
NW-175 . 8.5 (2.25) 8.2 (2.17) 5.7 (1.5) 5.7 (1.5)
NW-250  0.89 (0.24) 1.0 (0.26) 1.1 (0.3) 1.1 (0.3)
W-300 3.05 (0.81) 5.54 (1.46) 0.4 (0.1) None
' §-300 1.64 (0.43) 1.28 (0.34) 2.8 (0.75) 1.9 (0.5)
E-300 0.12 (0.032)  0.10 (0.026)  None . None
N-275 0.25 (0.066)  * 0.19°(0.050) 0.2 (0.05) 0.2 (0.05)
NE-125  5.38 (1.42) 3.33 (0.88) 4,5 (1,2) 4,5 (1.2)
N-200 2,73 (0.72) 2.00 (U.53) 4.5 (1.2) S 4.5 (1.2)
NE-200  2.03 (0.54) 1,64 (0.43) 1.9 (0.5) 1.9 (0.5)




6. INJECTION ILW-18

6.1 Preliminary Preparations

6.1.1 Waste transfer and .analysis

The waste solutlons avallable for Injection ILW—18 consisted of
113,600 2 (30,000 gal) of waste in tank W-8, 151,400 ¢ (40,000 gal) of
waste in tank W-10, and ~37,800 & (10,000 gal) of waste in other tanks. -
Samples were taken of the sélutions in tanks W-8 and W-10 and analyses
were obtained .(Table 17). The remaining waste-solutions‘wére not sampled
or analyzed; their éperatidnal hiétory indicated that-théy were Quite
dilute aé compared with the solutions in W-8 and W-10, would contain few
radionuclides, and would behave chemically like slightly impure water.

The waste solution from tank W-8 was stored in tanks T-1 [55,910 2

(14,772 gal)] and T-2 [18,900 & (5,000 gél)]. The waste solution from
tank W-10 was pumbed to tanks T-2 [37,460 & (9,897 gal)], T-4 [93,520 2 »
(24,709 gal)], T-9.[49,100 2 (12,975 gal)], and T-3 [53,000 % (14,000 gal)].
The remaining spacé in Tank T-3 was filled with dilute miscellaneous

waste [39,580 2 (10,458 gal)].

. 6.1.2- Solids blending

4 Five batches of dry_solids were blended and loaded in the storage
bins at the fracturing‘site. Four of them were loaded in the storage
b1ns, while the fifth was left in the blending tanks for later transfer
~to an empty bin. The abbreviated blending procedure used in the prepara-
:tiéﬁs for Injection ILW-17 was followed in- the preparation of the first
four batches; the dry solids were loaded in the scale tank, and were
then blown sucessively to the first blending tank ‘and to the storage
bin. The second blending tank was not used; however, since the storage
capacity of the second blending tank was needed for étorage*of’tbe final
batch of sulids,‘thié batch of éolids'was blended an additional time.
The weights of the various ingredients that were used for the solids mix

are glven in Table 18.

83
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‘Table 17. Anaiyses of waste solutions for Injection ILW-18.

Tank W-8. e Tank W-10

Volume, ¢ (gal) 114,000 (30,000) - 150,000 (40,000)
Specific gravity 1.2018° ' 1.1186
13+, M 0.041 - . | 0.03
cu?t, M 1.5 x 1073 | 1.1 x 1073
Kt, M 0.389 - 0.136
Nat, M 3.37 A ©1.88
OH™, M 0. 64 - 0.29
C032~,. M 0.50 B 0.27
S032-, M 0.04 e . 0.045
NO3~, M 1.6 ©.0.968
' Gross a, Ci/% 3.7 x 1076 (1.4 x 10-5) 2.6 x 1076 (9.7 x 1076)
(Ci/gal) ‘
* Crooa ¥y, Ci/# 8.6 x 1073 (3.3 x 1072) 1.1 % 1072 (4.2 ~ 10-2)
(Ci/gal) A : : ’
137¢g | 0.063 (0.239) 4.4 % 1072 (0.165)
134cg 3.0 x107% (1.1x 1073)  2.1x 1073 (8.0 x 1073)
204 LU % 10 " (4.0 x 107" 1.0 x 107" (4.0 x 107"
60¢o | 5.0 x 107 (2.1 x 1073) 5.0 x 10=% (2.0 x 103)
Cm . L33 x107% (5.8 x 1078 1,24 x 1077 (4,7 x 1077)

Pu , 3,17 x 1077 (1.2 x 107®) 1,67 x 1076 (6,3 x 1076)




~ Bin 1

uBin 3

Table 18. Dry solids mix for Injection ILW-18

kg (1b)

(130,004) 60,271

"~ Bin 2 Bin 4 P-tanks
" Blending  5/11/79 5/10/79 5/9/79 5/8/79 5/14/79 -
.date _ _ ‘ o ‘ .
Cement, 21,452 (47,194) 21,755 (47,860) 21,255 (46,760) 21,114 (46,450) 21,355 (46,980)
kg (1b) : ' - . ‘ o K : :
‘Fly ash, 26,355 (57,980) = 22,600 (49,720) = 24,936 (54,860) 26,127 (57,480) - 26,332 (57,930)
kg (1b) . K ‘ . . ‘ o S
Attapulgite, 8,700 (19,140) 8,732 (19,210) . - 8,505 (18,710)° _ 8,455 (18,600) 7,885 (17,348)
kg (1b) ' ' ‘ _ - ‘ e o
Pottery - 4,400 (9,680) 4,459 .(9,810) 4,373 (9,620) 4,510 (9,922) . - 4,345 (9,560)
clay, "’ ' o ' , : : ‘ - B
kg (1b) - - ,
Sugar, 25 (54) S 25 °(54) . - 25 (54) 25 (54) .25 (54)
kg (1b) : o ‘ S - ' : .
Total, 60,931 (134,048) 57,570 (126,654) 59,093 (132,596) 59,942 (131,872)
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A new solids feeder was used to replace the Halliburton screw
conveyer that charged attapulgite and pottery clay to the scale tank.
This feeder was a Carter-Day "Air Swept' feeder valve, which utilized a
flow of air through a rotary valve to aerate and transfer the sqlidsv
being fed through the valve, As installed, the operation was found to be
too dusty; therefore, the valve was removed and the screw conveyer

reinstalled.

6.1.3 Tests of mix compatibility

The blended dry solids from each of the storage bins were sampled
and tested with synthetic waste solutions. A few tests were also made
with water. Phase separation and rheologicél properties were determined
for grouts made with various mix ratios. Most_of the tests were made '
- with grouﬁs that were prepared by mixing the dry solids and waste splution
at both 5000 rpm (to simulate down-hole .conditions) and 2000 rpm (to
simulate tub conditions). The results of a selection‘of the mix com-
'patibility tests are shown in Table 19. As usual, some differences were
observéd between the characteristics of the grouts sheared at 2000 rpm‘and
those sheared at 5000 rpm. The additional shear approximately doubled
the apparent viscosity of the grout and reduced its<phése separation by
se&eral percent. These differences, which are similar to thbse observed
heretofore, were ekpééted, However, the high apparent viscosities and
low phase separations that were observed at very low mix ratios were not
entirely expected. The characteristics of these grouts at mix ratios
of 0.48 and 0.6 kg/% (4 and 5 1b/gal) were approximately equivalent to
those determined for Injection ILW-16 at 0.84 and 0.96 kg/% (7 and‘é 1b/gal).
Part of this difference may be due to the more concentraﬁed waste
solution that was disposed of in Injection ILW-18; on the other'hand,'
since the comparibility tests with water showed much the same effects, the
major part of the difference could probably be attributed to tﬁe abbrevi-
ated blending procedure used for the solids in this iﬁjeétiﬁn. Although
this phenomenon‘has been observed previously, the magnitude of the- ‘
difference in this case was somewhat larger than anticipated.

The results of these tests indicated that a mix ratio of about

0.72 kg/% (6 1b/gal) would generally produce a grout with a low phase



Table 19. . Mix compatibility tests for Injection ILW-182

(All tests madeé at 5000 rpm)
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-1.321°

. } Mix ratio ‘Density Phase Apparent
Bin _ - separation viscosity
number Solution (kg/f) (1b/gal) (kg/%) (1b/gal) %) (cP)
4 w100 0.60 5 1.333 - 11.1 A 14.0 -

- 0.72 6. 1.381  11.5 1.4 24.5
Water  ..0.72 . 6 1.309  10.9 4.1 24
0.84 7 1.345  11.2 2.8 35

3 - W-8 10.60 5 1.375  11.45 0.9 12.5
‘ 0.72 6 1.405  11.7 0.6 21
0.84 7 1.429  11.9 0" 41

2 W-10 0.36 3 1.245  10.4 1.8 10
'0.48 4 1.279  10.65 0 30

W-8 0.60 . 5 1.363  11.35 0.2 19.5
0.72.. 6 0 1.387  11.55 0o 452
Water 0.72 6  1.285  10.7 3.6 21

0.84 7 1.339  11.15 1.7 32.5

1 W-8 0.60 . 5 1.345  11.2 3 25.5
‘W-10  0.60 5 1.309  10.9 2.1 16
‘ 0.72 6 1.345 . 11.2 1.6 33
Water - 0.48 4 1.201. 10.0 1.9 28
n.72 6 11 0 ' 52

Data from J. G. Moore. .
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separation and an apparent viscosity of 30 cP. However, -the particular

: COmbinatién of bin 2 solids and W-10 waste seemed'tq_require a lower mix -
ratio. A mix'ratiO'of about 0.48 kg/% (4 1b/gal) appeéred‘to be the
upper limit for this combination; at highér.mix ratios, thé viscosity

-of the grout apﬁeared to be excessive.

6.1.4 Slotting injection well

The injection welliwas pressurized to break down the formapidn, but
no breakdown occurred. -Circulation down the tubing étring and up the
-annulus wés attempted but not achieved. The tubing string was discpn-
nectéd from the wellhead assembly and lifted to verify that it was not
cemented to the well bottbm.' Circulation down the‘tubiﬁg string was
attempted while the tubing was held off the well'bottom; but the attempt
was not‘successful. When the tubing string was logged,va plug waé—found
at V12 m (40 ft) above‘the bottom of the striﬁg.

The tuﬁing string was removed from the well. The lower two joints —
one 1.8 m (6 ft) long, and one 9 m'(30'ff) long — were found to be plugged
with cement interspersed with pockets of'water. The rubber-wiper plug . -
 was located ~1.5 n (5 ft) from the bottom of the tubing striﬁg. The plugged
. joints were replaced, and the tubing string was reinserted in the well.

The string was then lgwered to touch bottom, which was found to be
1.5 m (5 ft) above the slot of the previous injection. |

- The well was slotted at 244-m (784 ft). The‘slotting pressure varied
‘between 32 MPa (4600 psi) at 606 £/min (160 gpm) and 20 MPa (2950 psi)
at 795 2/min (210 gpm); 50 sacks of sand and 22 kg (50 1b) of WG-6
suspender were used. - The wellhead was rerigged for pumping, and the well
was préssurized to break down the formation. BreakdownAoccurred at 23 MPa
- (3400 psi) and 636 2/min (168 gpm).

6.1.5 Miscellaneous maintenance

Several maintenance procedures were necessary prior to the injection.
- For example, the mass meter, which had become inoperabie, was removed
and reworked. Inspection revealed that cement had gotten inside the

mechanism and caused it to malfunction. The instrument was'cleaned,

calibrated, and reinstalled.
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The plungers and packing of the injection pump wereereplaced (on
conclusion ofAche slotting operation),, The. packing was then run in.
All valves were pressure‘testeddénd the relief valve was set at
36 MPa (5200 psi). tThe check valve, the mastef~valVe;,and valve V-9
were repaired. : A
| The injecfion pump would not shift properly. Examination revealed

a rusted air cylinder, which was subsequently replaced.

6.2 Injection

Mix compatibility tests had indicated that the grout viscosity might

- be appreciably higher than usual in this 1nJect10n, partlcularly with

- . ¢ertain combinations of waste solutions and solids mixes. Therefore,

the sequence of waste tank drawdown and bin usage was_ planned to avoid
those combinations that tests had indicated would be most difficult.to
pump. , .

The mix ratio for this injection was-automatically computed from
mass-meter and turbine flowmeter readings and recorded. The mix ratio
was also determined from the ratio of the pumped volumes of grout and
waste solution, measured by the stroke counter of the injection pump-and
the turbine floﬁmetef. This ratio was also recorded. This ratio was
c¢onverted to a mix ratio by the correlation shown in Fig. 13. During
Injection ILW-18, both of the mix ratio .determinations were used. The
mix ratio was calculated at approximately 5-min intervals from both the
mass-meter readings and the volume ratio‘measprements. The two values
thus obtained were then compared to determine whether a consistent bias
existed in either set of readings. |

Prlor to the 1n3ect10n, the fracture was reopened and expanded by
pumping water through the fracture. The fracture was reopened at a
.pressure of 34 MPa (4900 p31) and a flow rate of 454 %/min (120 gpm)
Approximately 4000 2 (1050 gal) of water was pumped.

The injection was begun at 0840 on May 18, 1979, with water from the
waste pit. Solids flow was started from bin 2 at 0844, At 0912, the waste
pit was neafly empty and flow was switched to T-1. Plots of the injec-

" tion pressure (wellhead measurement) and waste flow rate throughout the
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injection are shown in Figs. 27 and 28. The flow rate readings are
average values (usually over a 5-min period) indicated by the turbine
flowmeter.

. The indicated mix ratio as determined from the volume ratio is shown
in Fig. 29.. A comparison of the mix ratio calculated from mass-meter
readings with the mix ratio calculated from volume ratio readings is .
shown in Fig. 30. The mix ratios calculated by the two different methods
are in very good agreement except for the lastA30 min of the injection.
This discrepéncy is discussed later.

At 1008, the injection was haifed due to a leak in the mixing cell,
and the source of the leak was determined. Examination revealed a hole
in the discharge line from the mixing jet (probably eroded during the
slotting operation). About 3400 £ (900 gal) of waste was pumped to dilute
the grout in the mixing tub and high-pressure lines. A piping patch,
which was obtained and strapped to the leaking line, stopped the leak and
permitted continuation of the iqjection.

' During the shutdown period (when there was no solids flow), the
mass meter was observed to be indicating a positive solids flow of

190 kg/min (420 1b/min). It seemed apparent that some solids buildup
had occurred on the sensing cone of the mass meter énd was biasing the
readings. The magnituderf this bias appeared to be %102-(during the
previous 30 mip of operation, the mass-meter readings had'averaged 10%
higher than the volume ratio measurements); and the zero of the mass
meter was adjusted accordingly. » |

The injection was resumed at 1127 and continued without incident until
1620. During this period, the flow of solids to the mixer was smooth
(as had been the case in Injection ILW—17), and fluctuations in the mix
' ratio were smaller and less ffequent than in most previous injections.
The mix ratio indicated by the mass-meter readings was in good agreement
with that calculated from the volume ratio measurements, élthough a
running inventory of the weight of solids withdraWnAfrom a storage bin
gave a somewhat greater weight than had originally been charged to the
bin. The viscosity of the grout mix did not appear to be éxcessive, even

- at mix ratios appreciably higher thaﬁ those that had resulted in very

thick grouts in the mix compatibility tests.
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At 1620, the- flow of waste-solution to the mixer jet became erratic
and the injection was halted, A fragment of caked cement behind the jet,
which was found to be the cause of the trouble, was removed, and the
injection was restarted at 1746 ' '

At 1945 an appreciable quantlty of SOlldS remained even though
most of the waste solution had been 1n3ected These solids were m1xed
with N12 000 2 (3,000 gal) of water that had been pumped into Tank T-4
and agitated to suspend some of the sludge that had settled in. this tank
during 15 years of use, At this time, the m1x ratlo was 1ncreased to.
between 1,08 and 1.2 kg/2 (9 and 10 1b/gal) so that more of the available
solids would be used. ‘Perhaps c01nc1dentally, the mass—meterAreadlngs
drbpped.sharply‘(indicating an improhably low mix ratio). The volume
ratio calculations were used for mix ratio‘determinetion during the
‘remainder of the-injectioh. '

~ Flow was switched to water at 2010; and the solids flow &as shut
off at 2014. The wiper plug was pumped down the well with 5700 ¢ (1500 gal)
of water, and the casing &as flushed with 7600 3 (ZQOO gal) of water.
The well was then valved shut'and the equipmentlwashed. The piping
connections to the wellhead were discennected, and bull plugs wete used
to seal the wellhead shut-off Qelves. This precaution-was necessary
because some leakage back up the injection well had appérently occurred
after the last twb injections despite a closed shutoff velve.

' The pressures in the.rock cover wells were.read at intervals dufing

the‘injectibn; The results are gi&en in Table 20. The 1argest pressure

‘.chenges_were observed in wells NE-125, NE—ZOO,'and §-200.

6.3 Data Analysisb

The volume of waste solution or pit water pﬁmﬁed during this
‘injection was measured by three methods. The solution flow to the mixer
was measured by a Halliburton'turhine flowmeterjas well as a recording |
‘drifice4meter."The volume of waste solution pumped was measured hy the
change in the level of the tank solutien. The ‘agreement between the

tank level measurements and the turbine flowmeter readings was generally



- Table 20. Fressure readingé for rock cover wells, in kPa (psig) — Injection ILW-18

Rock ° Readings téken én May 19, 1979, at:

cover - — .

well . Pre-Injecticn 992¢ 1200 1310 . 1430 1345 " 1825 1930
E-100 3.4 (0.5) - 3.3 (C.5) 14 (2) 14 (2) @) 1003 (1Ls) 7 (10) 14 (2)
NE-125 -3.4 (-0.5% 3.3 (C.5) 172 (25) 314 (45.5) 297 (43) 255 W37) " a a
NE-200  -25.5 (-3.7%  -25.5 (-3.70 38 (5.5) 145 (21) 269 (39) . 276 i40) 303 (44) 390 (56.5)
N-200 o 0 0o - 3% (0.5) 0 0 0 0
N-275 0 - o 3.4 (0.5 =2 (-0.3) 0 .o 17.2 (2.5) 24 (3.5)
NW-175 0 3.4 (0.5 3.4 (0.5) =2 (-0.3)  <10.7 (<1.5)  -la i-2)  -17.2 (-2.5) 21 (-3)
NW-250 0 0. 0 | 0 . o 0 0
W-200 0 0 0 , 0 ' o 0 0
$-200 162 (23.5) 200 {29) 260 (37.5) 255 (37) 241 (35) 234 34) 207 (30) - 186 (27)

aOff scale.

\le)
o
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very good; the orifice meter readings ranged from 2% higher to 30% lower
‘than the tank level measurements. It mas noted that the turbine £ low-
meter readinge were 10% low while tank T-9 was being emptied. . During
lnjectione ILW-15 and ILW-17, errors of‘the‘seme'size were noted for

tank T—9. (Tank T—9 was not used during ILW-16.) This'correspondence of
errors suggeeted~that the calibration tables for. this tank should be
checked againét the dimensions given in the tank drawings. This check
indicated that the calibration tables are V107 in error. Because'the '
turbine meter reedinge are generally more convenient to use than the tank.
level readings, they are used in the subseduent calculations.

The volume of injected grout was measured by the stroke'counter on
4the 1n3ect10n pump. These volumes were noted at S;min intervals

Weights (straln gages) of bins 3 and 4 were noted at 1ntervals
;No measurements are available for bins 1 and 2 since bin 2 has no usable

.welgh gage installed and the strain gage on bin 1 did not functlon during
this.injection. The bin.level measurements (plumb bobs) were not used
in this injection because of alfear that the float part of the unit might
be broken from tne unit; as had -occurred in an eerlier.injection.

The strain gage on bin 3 did not give credible’readings;.botn the
zZero énd the slope of the curve were badly in error. -The strain gage onl

- bin 4 gave values that agreed reasonably well with the mix ratlo
~calculations.

The bulk storage bins oontained'an appreciable amount of solids at
the end of the injection. Fifteen truck loade of solids were removed
from the four storage bine and the P-tanks. Seven loads were removed
from bin 2, and two loads were removed from each of the other bins. The

- cone of b1n 2 was .essentially full while 1 m (3 to 4 ft) of solids
remalned in the other tanks. Each truck load is estimated to contain
1000 kg (2200.1b) of solids; the total weight of solids~remaining after
the injection is therefore estimated to be 15;000 kg'(33,000‘lb).~'The
net. consumption of solids was therefore 283,000 kg (620,000 1b).

'Mix ratios are calculated during an ‘injection from the mass-meter
readings and from the volume-ratio calculations. After an injection, an

actual mix ratio can be. determined for each storage bin, based on the-
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weight of solids actualiy consumed. Table 21 ié a comparison. of these
mix ratios. The results from thé mass-meter and the volume ratio calcu-
lations are generally similar (as would be expected from the comparison
shown in Fig. 30). The major dlfference is in the P-tank values and is
-a reflection of the improbably low mass-meter readings during the last
- 30 min of the injection. The actual mix ratio is appreciably less than
either value measured during the injection for bin 2, but nearly -the
same during the rest of the injectionm.

The recorded mass flow rate of solids was V12% lower than the values
of the mass-meter readout that were noted at intervals. The recorded
mix ratio was “25% 16wer than the ratio calculated from the mass-meter

and turbine flowmeter readouts.

6.4 'Evaluation of the Injection

This injection, like ILW-17, was characterized by the smoothness of
operation. The solids flowed evenly from the bulk storage bins, and the
fcontrol of "the solids to liquid mixing was generally good A
It becomes more apparent with each injection that the fac111ty is
. nearing the end of its useful life. Several malfunctions (that could
be attrlbuted to worn equipment) occurred despite the pre-injection
malntenance. Extensive recondltlonlng would be required if further use of
the fac111cy were planned. .
A good measurement of the mix ratlo was provided by both the mass-'
. meter and the volume ratio calculations. The value of having both
.'meaSureméntS is demonstratédvby thé divergence in readings that occurred
during the last 30 min of the. injection. During this time, the cross~
‘check provided by the independent mix ratio determinations ‘allowed us
to recognize the problem, realize the-pfobaﬁle causé, and complete the
injection with the mix ratio measured and controlled by volume ratio
calculations. . |
" Throughout the injection, the grout appeared fluid and without
excessive viscosity, despite the fact that mix ratios frequently averaged
0.84 to 0.96 kg/2 (7 to 8 1b/gal) and sometimes were >1.2 kg/% (10 1b/gal).

Tests performed prior to the injection had indicated that material with



Table 21, Compatisbn.of mix ratios for Injection ILW-18

Bin
2 3 1 4 P-tanks
Waste volume, & (gal) 81,340 67,000 66,600 81,800 50,300
: (21,490) (17,700) (17,600) (21,600) (13,300)
SclidsAconsUmedl ’ . '
Tank weight, kg -~ 57,300 57,300 59,100 - 58,200 50,900
(1b) ; -(126,000) (126,000) - (130,000)  (128,000) (112,000)
Mass meter, kg (1b) 68,080 57,400 57,400 61,500 44,000
: : (149,770) (126,200) (126,200)  (135,200) (96,800)
Volume ratio, kg (1b) 67,100 - 62,950 58,780 57,400 53,550
. (147,560) (138, 500) (129,300). - (126,200)  (117,800)
Mix ratio o S . ' '
Tank weight, kg/%’ 0.70 0.85 0.89 0.71 1.01
(1b/gal) o (5.86) (7.11) (7.37) (5.93) ° (8.42)
Mass meter, kg/% .0.84 0.86 0.86 - 0.75 -0.87
- (1b/gal) (6.97) (7.12) . (7.15) (6.26) . (7.28)
Volume ratio, kg/2 0.83 0.94 0.88 - 0.70 1.06
' (6.87) (7.32) (5.84) (8.86)

(1b/ga1) o

(7.82)

66
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mix ratios in excess of 0.72 kg/l'(G 1b/gal) wouldrbe quite thick and.
difficult to pump. The reason for this discrepancy betweenilaboratofy
tests and field results is not known. 1t may be caused by the additional
aeration that is given to the mix in the field during the injection.

An extra transfer during blending is known to have a marked effect on
mix properties, and it is not unreasonable to believe that additional

aeration would have a similar effect. This phenomenon needs investigation.

6.5 Post-Injection Operations

"All cased observation wells that were serviceable were lngged
following the injection. Well NE—léS, whose’casing was pulled apart -
during Injection LLW-13, is badly contaminated and no longer usable. The
casinngf well W-300 was ruptured during Injeqtion ILW-14., No grout sheet
that could be attributed to Injection ILW—iS was noted in well E-300,
N-150, oriNW—lOO. A new peak was observed in well S—220 at 233 m (765 ft);
alsmall peak was observed in well N-100 at 226 m (742 ft). _

Bleedback of water from the'injection well was started on January 21;
The initial bleedback fate was 2 &/min; this rate dropped fo a sporadic
trickle'after 24 h. "Between 1500 and 1900.2 (400 to'SOO gal) was collected

during this time.



7. EVALUATION OF THE INJECTION SERIES

7.1 Summary. of Injection Patameters

Tebles 22 and 23 giwe inspettion parameters in metric units and
in English equivelents, respectiVely, for each injection in this series.
Valuestfor previous operational injections are also included in these
tables. Values for the early experimental injections have been previously

published.3

7.2 Grout Sheet‘Monitoring

The teeults obtained from-the logging of the cased observation wells
"are presented in Sects. 3.7, 4.5,_5.5;‘and 6.5. These results, corrected
for the well surface elevations and deviations from the vertical, are
given in Table‘24 A schematic tepresentation is shown in Fig 31.

The pattern of the grout ‘sheets is similar to that indicated by prev1ous
’1nJect10ns-— grout sheets that generally follow the bedding planes
(i.e., slope about 15° to the north) but occa31onally Cross over other
'grout sheets and go down—dlp. Multiple grout sheets from the same
1nJect10n are observed. ' »

One of the .observation wells (NE-125) was lost durlng this injection
series (after InJectlon ILW—16) when the’ cap was broken during cold
weather and a small amount: of contaminated water leaked up the well,
leaving it too contaminated‘to log. - Five usable wells remain in service —
N-100, N—lsO, NW—lQO;'S—ZZO, and E—320. Three ‘of them are in the same
nuadrant and one (E—320) has never been intersected by any grout sheet.
The information that can be -obtained from logging the observatlon well
A network is therefore qu1te limited, and additional wells would be needed
1f 1n3cct10ns at this site were contlnued '

The readings of the pressure changes in the rock cover monitoringo
wells during the four injections suggest patterns for the grout sheets
‘that are not inconsistent with the logging results. An increase in rock
cover well;preséure during anAinjection is aSSumed to_indioate a grout

sheet passing beneath the base of the well, while:a fall in pressure is
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Table 22. Summary of injection parameters — metric units

Waste—
plus— Mix ratio
Was:e ‘water Grout "kg solid 50 i37 b 239
Irjection : Depth volume voluma volume <__;_,___.) Sr v Cs Cm Pu
aumber Date - (m) 2 I €3 (1) \ 2 liquid (ci) = (ci) (ci) (cD)
Experimertal injections
1-7 - Feb. 1964- 288- 1,731,000 2,566,000 1,436 5,237
Aug. 1665 266
Operatioral injectioans '
ILATIA Dec. 12, 1966 266 135,260 264,700 360,300 :
ILAIB . . Dec. 13, 1966 266 94,510 : : .74 3 19,950 NA NA
ILA2A Apr. 20, 1967 263 325,500 623,800 872,100
ILA2B - Apr. 24, 1967 263 234,700 ) J2.73 1,050 58,500 NA NA&
ILA3A Nov. 28, 1967 263 117,300 374,900 555,500 ’
ILA3B . ) Nov. 29, 1967 263 ' J.66 9,000 17,000 NA NA
Water test ‘ Dec. 13, 1967 260 © 169,200
TLA4A Apr 3, 1968 260 - 92,900 : ‘ ,
ILA4B Apr 4, 1968 260 235,400 367,500 494,600 J.61 4,300 51,900 NA 1.10
IL45 . Oct. 30, 1958 257 309,500 329,700 435,900 J.67 500 69,400 NA 1.15
IL46 " June 11, 1959 257 303, 300 347,300 478,200 J.65 8,900 89,000 NA 0.24
ILA7 : Sept. 2Z, 1370 257 - 31%,200 497 ;500 551,400 J.66 2,747 44,833 19.2 1.77
1148 : Sept. 23, 1372 254 275,200 308,100 411,100 J.88 45 28,000 0.20 0.13
ILW9 © Oct. 17, 1972 254 © 253,500 286,100 431,500 J.94 231 23,400 6.51 None
I1410 Nov. 8, 1972 254 323,300 354,200 503,300 J.85 1,330 18,800 26.67 0.37"
IIN11 : Dec. 5, 1972 254 285,300 310,800 475,000 J.86 1,100 23,500 155.74 Nene
IIN12 Jan. 24, 1975 251 97,300 113,900 159,300 - J.79 1,324 12,752 1.02 None
IIN13 - Apr. 29, 1975 251 305,600 325,100 477,300 J.76 3,368 35,750 17.83 0.03
ILW14 June 20, 1975 251 ' 314,000 350,000 525,000 J.80 - 2,874 30,592 3.58 None
TLW15 June 30, 1977 . 251 344,200 393,600 549,000 J.66 138 26,390 None 0.66
ILW16 Nov. 17, 1977 248 203,900 224,100 300,900 J.86 1,618 14,964 None None
ILW17 Sept. 1, 1978 244 31L, 500 338,800 520,400 J.80 90 22,270 2.27  0.07
ILW18 May 18, 1973 241 314,200 358,800 526,100 J.77 28. 16,880 0.19 0.29

Total ILW ) : 5,397,600 6,258,000 8,796,000 38,640 603,881
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Table 23. Summary of injection parameters — English units

Waste-
plus- B Mix ratio
Waste water Grout . 3 - '
Injection- - Depth volume volume volume ( 1b solid > 90gy ?37Cs 2uu§m 239?u
number Date (ft) (gal) - (gal) (gal) gal liquid/ -(Ci) (ci) (Ci) .(C})
Experimental injections -
1-7 feb. 1964~ " 845- 457,300 678,00C 1,436 5,237
Aug. 1965 872
Operationél injecticns
ILWIA Dec. 12, 1966 872 36,000 ) 9s NA® NA
TLW1B Dec. 13, 1966 872 °  26.000 69,931 95,197 6.2 319,930 WA ‘
ILW2A Apr. 20, 1967 862 . . 86,000 .
ILW2B Apr. 24, 1967 862 62000 164,800 230,405 6.1 1,050 58,500 . NA NA
ILW3A Nov. 28,(1967 862 31,000 : e
ILW3B Nov. 29, 1967 862 52{000 99,050 146,751 . 5.5 9,000 1?,000 NA NA .
Water test - Dec. 13, 1967 852 44,709 44,709
TLWAA Apr. 3, 1968 852 2,010 ' | . . A o
ILW4B Apr. 4, 1968 852 62,180 97,090 130,675 5.} 4,300 51,900 NA 1.10
ILWS Oct. 30, 1968 842 81,800 87,110 115,174 5.6 500 69,400 NA 1.15
ILWé6 June 11, 1969 842 79,350 91,750 126,331 5.4 8,900 89,000 NA 0.24
LW/ Sept. 23, 1970 842 83,000 107,650 145,670 5.5 2,747 44,833 19.2 1.77
ILW8 Sept. 29, 1972 832 72,700 81,400 - 108,605 7.3 45 28,000 0.20 0.13
ILW9 Oct. 17, 1972 832 ) 68,300 75,600 114,000 7.8 . 231 23,400 6.51 None
TILW10 Nov. 8, 1972 . 832 84,760 93,570 132,960 7.1 1,330 18,800 26.67 0.37
TLW1l Dec. 5, 1972 832 ’ 75,760 82,110 125,490 7.2 1,100 23,500 155.74 None
TLW12 Jan., 24, 1¢75 822 ; 25,710 - 30,100 42,100 6.6 1,324 12,752 1.02 None
ILwWl3. Apr. 29, 1¢75 822 - 81,000 85,900 126,100 6.3 3,368 35,750 17.83 0.03 .
ILW14 June 20, 1¢75 822 - 82,970 92,470 138,700 6.7 2,874 30,592. 3.58 None
ILW15 . June 30, 1€77 822 91,000 104,000 145,037 5.5 138 26,390 - None 0.66
ILW16 Nov. 17, 1677 812 . -'55,200 59,200 79,500 - 7.2 1,618 14,964 None None
ILWl7 Sept. 1, 1678 802 82,300 89,500 137,500 6.7 90’ 22,270 2,27 0.07
TLW18 May 18, 1979 792 C 83,014 97,434 139,000 6.4 28 16,880 0.19  0.29
Total ILW 1,426,054 1}653,374 38,640 603,881

2,323,907

a ‘
NA = not analyzed.

€01



Table 24,

104 . -

Elevations of grout sheets in

observation wells

(All elevations are related to mean sea level)

Grout sheet
"elevation
Injection Well (m)‘ (ftj
ILW-15 Injection' -9.1 =30
: N-100 -1.5 -=5
N-150. -9.5 - =31
NE-125 -3.0 -10
: -4f6 -15 -
ILW-16 Injection -6.7 -20
N-100 9.8 32
N-150 0.9 3
NW-100 9.5 31
$-220 -8.2 =27
TLW-17 Tujection -3.0 ~10
N~150 ~12.5 ~41
$-220 7.9 . ~26
ILW-18 Injection S.L. S.L. .-
N-100 16.1 53
5-220 1.2 -4
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Fig. 31. Schematic representation of grout sheet monitoring results.
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assumed to indicate a grout sheet passing nearby. Interpretation of the.

" results is complicated, however, by two factors:

1. Deviation surveys were not always7made prior to casing the wells.
The amount of deviation is appreciable for some wells, but the
direction cannot now be determined; the position at depth can only

be approximated for these wells,

2. The magnitude of pressure response that is significant seems to
vary widely from well to well; thus a record of the pressure response

during numerous injections is needeéd to evaluate the results,

The well pressure readings during Injection ILW-15 indicate that the
'grout sheet wcnt.gcncrally north; the logging results indicate the same
orientation. Theureadings during Injection ILW-16 indicate that the
grout sheet went north, northwest, and south; the logging results indicate
the same orientation. The readings during Injection ILW-17 indicate
'that the groﬁt eheet went east and southwest; the logging results 1nd1—

Acatc that the grout shcet went south but did not go northwest or
southeast. The readings durlng InJectlon ILW-18 indicate that the grout
sheet went south and northwest; the 1ogg1ng results indicate that the
grout sheet went south with perhaps a flnger to the northwest, but no
maJor movement to the north. In general, these data suggest that the

: grout sheet movement during an injection can be determlned from yell

pressure readings if @D suff1c1ent wells are available, (2) the well
deviation is known, and (3) the sensitivity of the well to the grout sheet

movements has been. evaluated.

7.3 Field Behavior of Solids Mix

'As early ac Injecetion ILW-8 it was rccogniscd that thc properties of
a grout made from a dry solids mix blended in the field differed appreciably
from the properties of a grout made from a dry solids mix blended in the
1aboratory. The field-blended mix had a 1ower viscosity and a higher
phase separation, even when the same ingredients were used in comparative

blending tests. This phenomenon was compensated for by making all mix
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compatibility tests With field-blended samples, but the cause of the:
relative 1neffect1veness of the field-blended mixes was not determlned

In InJectlons ILW—lS through ILW-18, the number. of transfers of SOlldS
duting the blending operation was reduced by one in some cases; in each -
instarnce, the phase separation and the viscosity of the field—bleﬁded .
mix were much closer to the properties of the laboratory—blended mix;
These results indicate that the solids transfer operation causes some
deterioration in mix effectlveness (more mix is required for water - -
retentlon), probably. due to breakage of the attapulglte crystals. In‘
‘InJectlon ILW-18, the entlre-sollds inventory was transferred only twice .
(instead of three times, as had been traditional heretofore). The samples
of this field—blehded mix had properties quitetsimilar to those of a
laboratory—blended'mix,land a lower-than—normal mix ratio was suggested
for this injection. Durlng the 1nJectlon, the mix ratio was occa51onally
much higher than that recommended on the basis of the mix compatlblllty
test data; yet the grout remained quite fluid with no suggestlon of
excessive viscosity. The dry solids mix that reached the mixing jet
doring the,injeetion was apparently less effective than the dry. solids

mix that was sampled at the topiof the bulk storage bins several days
earlier. This deterioration in mix characteristics is probably caused

by the aeration that occurs as the mix is withdrawn from the‘Storage bin
and passes through the air slide to the'mixer. . The magnitude of this’
deterioration, equivalent'to at least 0.24 kg/2 (2 ib/gal), is appreciable.
If not compensated for, it would result 1n the 1nJectlon of a grout w1th |
an undesirably high phase separation. ThlS is clearly undesirable;
however, the mechanisms involved are not understood and the magnltude

of the compensatlon that is needed can only be estlmated More work on
the loss in mix effectlveness is needed, partlcularly since the new shale
fracturlng facility’ will subject the mix components to. even more aeration

than does the’ ex1st;ng facility.
7.4 Injection Operations

The most striking feature of this injection series was the significant

improvement in the control of the mix ratio that occurred after a set of
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air;paas had been instalied on each of. the bulk storage binslprior to
Injection ILW-17.: During the two injections in which these air pads were
used, the flow of solids from the storage bins was much more unlform, -
the control of the solids flow was facilitated, and .the mix ratio was
malntalned at a much more nearly constant value. ItAis very clear that
a smeoth, even flow of dry solids to the mixer is essential to the proper
functioning of this facility. ‘ | '
The use of the volume ratio to determine the mix ratio has -proved
to be a valid operating technique. The mass flowmeter has been found
to develop an occas1onal bias (caused by solids. accumulatlng on the m1x1ng
cone), and the availability of an alternative technlque for the measure-
ment of the mix ratlo.prov1des a useful check on this instrument. ' In
addition, the volume‘ratio measurements have proved to be an accepteble
ﬁeans.of mix proportioning when the mass meter is completely inoperable.
Following two injections of this serles, the injection well was found
to be plugged with cement. Particular care. was taken at the conclusion
of InJectlon ILW-=18 to seal off the well and prevent any backflow. (It'
was assumed that the problem was caused by a slow leakage back up the '
well after.the well was shut in.) This‘cafeful isolation ef the well.
appears to heve solved the problem since the well was clear during the
subsequent bleedback operation.
The facilicy is clearly approaching the end of its useful life.
The number of usable observation wells is near a minimum, and several
;malfunctiens that could be attributed'to worn equipment occurred during
the last several injections. . Exten31ve reconditioning would be requlred
1f further use of the facility were planned
' A new hydrofracture facility, currently under construction, will
.utilize a new injection well and will have a new network of monitoring

. wells. Future operational injections will be made with this facility.
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