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Radiolysis and Hydrolysis in
Salt-Mine-Brines

G. H. Jenks

1. Introduction
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TABLE 1. 1

Illustrative Values for Dose Rates, Doses and
Temperatures for Waste Cans Containing

10-Year Aged Wastes; Midplane Values
[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]
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Carey Mine at Hutchinson, Kansas, and from a core from the Naval Air

Station at the same location. He did not report any ionic concentra-

tions, but he stated that his results showed that the brine inclusions

were formed by the evaporation of sea water and that the concentration

factor was about 60.

Using Holser's data and interpretations together with data on the

concentration of K in sea water after concentration by 60X and on the

solubility of MaCl in MgCl2 solutions, I deduced that the composition

of the brine is within the following range of compositions.

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]
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scavenger-type reactions in which CH is removed from solution before

it can react with H2, and upon whether H2 escapes from the irradiated

solution and thus escapes the radiation-induced back reaction within

the solution.

2.1.1 Value of g(H2)

Reported information on G(H 2 ) in chloride solutions indicates that

g'(H2) will be about 2.1 in the brine at 25C. On the basis of certain

theoretical considerations and on the basis of experimental information

relating to the effects of changing temperature on g-values in water,

I believe that g'(H2) in the brine will not change substantially with

temperatures to 250 C.

Some additional generation of H, within the encapsulated brine may

result from the dissolution of irradiated salt which takes place during

migration of the brine. It is possible that at certain temperatures

the amount of H2 from this source will exceed that generated by direct

absorption of radiation at G(H 2 ) equal to 2.1 (Section 4).

2.2.2 Value for g'(OH)

The radiation chemistries of water and aqueous solutions are usually

described in terms of the spur diffusion model. Several pairs of radicals

or ions (primarily and H in pure water) are formed in small,

isolated volume elements (spurs) in the initial radiation process. Species

within the spurs interact as they diffuse into homogeneous distribution,

and these interactions result in the reformation of water and in the

formation of other molecular products. In pure water under irradiation,

the decomposition products which appear in homogeneous distribution are

principally,
[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]
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The C102 would decompose thermally or by reaction with reducing

agents including the metal can.

It can be shown that the amounts of these products which will

be generated before brine-boiling-temperatures are reached will be

negligibly small with a 5 Kw can. With a 2 Kw can, it is possible

that the rate Of H2 generation would be .8 mole per year for a period

of about 0.1 year after burial and then .3 mole per year or less for

a period of 0.5 years or less. These production rates are much less

than the maximum rate at which H2 may appear around a can as a result

of migration of brine to the can (Table 4). The maximum amounts of

02, C103 , BrO3 and C12(HCl) would also be well below those associated

with the migrating brine.

2.4 Hydrolysis of MgC1 2 to Form HCl

Magnesium chloride reacts with water (including water of hydration)

or steam at high temperature to form HC1. The probable reactions are,

MgC1 2 + H2 0 O* MgOHCl + HC (5.1)

2Mg0HClC MgCl 2 + MO + H2 0 (5.2)

From the available fragmentary data on equilibria in these

reactions, I concluded that 50 to 65% of the MgCl 2 around the waste

can will react sooner or later to form HCl providing that the location

of the MgC12 is such that the HC1 moves away from the MgC1 2 .

3. Rates of Introduction of Migrating Brine Into Open Spaces Around Can

I made estimates of the brine inflow to three different waste

can systems which are presently under consideration and for which

temperature-time-position inforamation was available. The reference

dimensions for these cans are shown in Fig. 1. Other characteristics

of these systems are summarized below.

See Appendix 5.

See Appendix 6.
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Temperatures for Cases C-l and C-2 were available for times out

to 50 years- three dimensional calculations. 2

Temperatures for Case B-2 were available for times out to 5 years

and for the horizontal midplane only- two dimensional line source

calculations. 1 7

The method which I employed in making the estimates of brine inflow

was basically the same as that of Bradshaw et al. However, my

method differed in two important respects; (1) I used the more conserva-

tive estimates of f(T) which are shown in Fig. 6.1, and (2) I assumed

that the salt fractured and released brine at high temperatures starting

at 250'C, and that the edge of the open spaces around the can followed

the 250 C front within the salt. In the event that the salt did not

reach 250 C as in Case C-1, I assumed that the edge of the open spaces

remained at the original distance of 5 inches from the center of the

can.

I also assumed that the inflow at midplane conditions is representa-

tive of that at all elevations of the can. This assumption made the

estimated values of total brine inflow too high because of the lower

temperatures and migration rates at the ends of the cans. However, for

Case C-1, I could show that the error introduced in this amounted

to only 5 to 10%.

The results of temperature calculations for this case became available
after this report was drafted.

Bradshaw et al., also used the can dimensions shown in Fig. 1.

(T) represents the migration rate per unit temperature gradient
at the site of the cavity.
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Plots of estimated total brine inflow vs time after burial are

shown in Figs. 6.13, 6.14, and 6.17 for Cases C-1, B-2 and C-2,

respectively. Inflow rates vs time are shown in Figs. 6.15 and 6.16.

Total brine inflows at some representative times were: 0.6, 8, 16,

22 and 30 liters at 1, 10, 20, 30 and 50 years after burial for Case

C-1, and 7, 16, 24, 39 and < 53 liters at 1, 6, 10, 20 and 50 years,

respectively, for Case C-2. The differences between results for

Cases C-1 and C-2 stemmed from the differences between temperature and

temperature gradients and salt fracturing in the two systems.

The results of my estimates of brine inflow differ from the

commonly-quoted estimates of Bradshaw et al., (3 to 30 liters over a

period of 20 to 30 years with zero inflow thereafter). The difference

between the present and previous results can be ascribed, in part, to

my more conservative estimates of f(T) and to my accounting for brine

release by salt fracture. Also, it is probable that part of the

differences is due to differences between the precision and appro-

priateness of the calculated temperatures which were employed. Thus,

the previous estimates were based on considerations of a system of

cans loaded with 1.66 Kw of 3 1/3 year aged wastes and spaced on 10 ft

centers. The peak temperature between cans with this system was 380 C.

The results of these considerations were extrapolated to the systems of

interest which were those in which the distance between cans was

increased so that the peak temperatures was only 200 C. No accounting

for brine released by salt fracture was made in the previous estimates.

4. Effects of Migration of Brine Filled Cavities on Radiolysis of

Brine and on Amounts of Radiation Damage in Salt

4.1 Introduction

Radiation damage produced by -rays in MaCl (and in other alkali

halides) is comprised of displaced atoms and of trapped electrons and

holes. Chemically, the trapped electrons and holes are reducing and

oxidizing agents, respectively, and dissolution of radiation-damaged

MaCl results in the injection of oxidizing and reduction agents into

the aqueous solution. The oxidizing agent entering solution

corresponds to C and/or C while the reducing agent can be treated
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as a hydrated electron The thermal-gradient-induced migration

of brine-filled cavities thru salt takes place by dissolution of salt

at the higher temperature face of a cavity and precipitation of salt
6.1

at the lower temperature face. Accordingly, the migration of these

cavities thru radiation-damaged salt will result in the injection of

C12 and/or C13 and e into the brine, and the radiochemical resultsaq
of the dissolution is qualitatively the same as the results of absorp-

tion of radiation by chloride ions in solution (Appendix 2). Also,

the migration will acccomplish some annealing of the radiation damage

since the precipitated salt should be more or less free of damage.

The rate, , of introduction of trapped electrons and holes into

a migrating brine droplet will depend upon several parameters as shown

approximately by the relationship, Eqn. 1,

= 2000 MC (mole, 1-1, yr1) (1)

where

m = velocity of migration of droplet (cm, yr'1),

X = dimension of droplet I to thermal gradient (cm,)

C - concentration of pairs of trapped electrons

and holes in that salt lying in front of the

migrating droplet (mole, g-1).

A radiation annealing constant, k, can be written as in Eqn. 2

if it is assumed that the cavities are uniformly dispersed as cubes

of dimension, X, and that the amounts and uniformity of this

heterogeneous annealing suffice to approximate a horogeneous process,

k Xb (yr') (2)

where b is the fraction of the salt which is occupied by brine.

The reducing agent might be thought of asNa. However, reaction of
HaO with H20 would probably produce e- 4q as an intermediate which
could then react to form E2 and OH or undergo other reactions depending
upon the solution composition.

O + 20 - KN+ + eq (8.1)

e + e H2 + 20H (2.4)
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Discussions are presented below of information bearing on these

parameters and of estimates of the rates of injection of trapped

electrons and holes into migrating brine.

4.2 Concentration of Trapped Electrons and Holes in Salt

The radiation behavior, with respect to accumulation of trapped

electrons and holes, of NaCl at the high temperatures and doses which

will prevail in the waste repository has not been completely estab-

lished. It has been suggested that the concentrations of defects

which can be accumulated at certain high temperatures exceed those
22

which can be accumulated at normal temperatures. Also, it is believed

that colloids, rather than F-centers, are the predominant trapped-

electron-defects which are present in NaCl after irradiation at

certain high temperatures. 2 3

Some of the available quantitive data relating stored energy

(or concentration of defects) and y-ray or electron dose at high

temperatures are plotted in Fig. 2 . Other high temperature data

obtained with samples of salt which were irradiated in the Project

Salt Vault experiment are listed in Table 2. Some of the available

data from lower temperature studies (< 100C) are included in Fig. 2.

Ordinate scales show values both for stored energy and for concentra-

tion of pairs of trapped electrons and holes. The values for defect

concentrations were obtained from those for stored energy, or vice

versa, using a conversion factor of 5.5 ev per defect. Information

Refs. 3, 21, 23, 25.
The rock salt sample which save 14 cal/g (Fig. 2) by solution
calorimetry gave 21 ± 6 cal/g by scanning differential calorimetry.
Recent theoretical considerations by Schweinler 2 6 indicated that the
stored energy per defect (displaced atom and vacancy pair) in NaCl is
unlikely to exceed 5.5 to 6 cv. Experimental values of 9.2 and 12.4
ev per F center have been reported, respectively, by Phelps and
Pearlstein2 7 and by Bunch and Pearlatein. 2 8 The former workers
employed solution calorimetry, and they added 3.6 ev to the measured
value of 5.6 ev on the unverified assumption that 2 and OC1 were
formed upon dissolution of the defects. The latter workers heated
the irradiated samples to 400 C and measured the heat released by
calorimetry. They employed a plot of stored energy vs NF + in
evaluations of their data, and they fitted the data with a straight
line. However, they mentioned that the data could have been fitted also
with a curve concave upward. In the latter case, their energy per F
center could be substantially less than the reported 12.4 ev.
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Table 2. Stored Energy in Salt Irradiated in Project Salt Vault
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on the sample form, radiation exposure conditions, and methods of

measurements are set forth in the legend in Fig. 2 and are listed

in Table 2.

Consideration of these various data and of other information

including that mentioned above led to the following conclusions

regarding possible maximum concentrations of pairs of trapped

electrons and holes in the waste repository salt.

a. The amounts of stored energy in the Project Salt

Vault samples exceeded, by large factors, those

expected for NaCl irradiated at comparable dose

rates and doses but at lower temperatures (less

than about 60C). There are unexplained differences

between the results cf DTA and solution calorimeter

measurements. There are also unexplained differences

between the results of solution calorimeter measure-

ments on samples exposed to presumably comparable

conditions. The maximum experimental values for the

Salt Vault samples are adequately represented by

Eqn. 3,

C - 10 13 D, (3)

where D is the radiation dose, rad, and C was defined

above.

b. There are some theoretical reasons for expecting that at

saturation the number of defects will not exceed a few

percent of the number of atoms in the salt crystal.

The assumptions that saturation occurs at 1% defects

(22 cal/g) and that Eqn. 3 is valid in the dose range

below about 109 rads leads to Eqn. 4,

C - 1.7 x 10-4 (l-e 6 0 x )O (4)

However, additional experimental information is needed to estab-
lish the actual defect concentration at saturation at the dose
rates and temperatures which will obtain in the waste repository.
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c. The radiation and/or thermal annealing required to bring

about the saturation indicated by Eqn. 4 would be greater

than the migration annealing constant (Eqn. 2) unless the

value of X is appreciably less than 1 mm. To be conserva-

tive, and for simplicity, I assumed that the droplets are

about 1 mm in dimension and that migration annealing will

be negligible.

d. The data In Table 2 and the one 250 C datum point of

Kubota's in Fig. 2 indicate that thermal annealing will

limit the amount of energy storage in the salt mine to a

few cal/g or less when the exposure temperature exceeds

some value in the range 200 to 250 C.

c. My earlier estimates of amounts of migration annealing and

of the radiolysis caused by dissolution of trapped electrons

and holes were based on the following assumed relationship

between defect concentration and dose in the absence of

migration annealing,

C - 3.2 x 10-D (5)

The recent data and the interpretations discussed above

indicate that this was not a conservative assumption for

salt exposed within certain temperature ranges (say 130

to 160C).

4.3 Values of Brine Migration Velocity

Brine inflow considerations (Section 3) for the 2 KY can,

Case C-1, indicated that the brine-migration-velocity, m, remains

approximately constant over long periods of exposure; the velocity

is about 6 cm per year after 1.7 year exposure, and 7.5 to 10 cm

per year between exposure intervals of 3 and 30 years. Also, the

volume of brine at the edge of the burial hole remains approximately

constant at the initial value, 0.5 Vol % over long periods of

exposure (50 years).

However, additional experimental information in needed to estab-
lish this for salt mine salt irradiated under waste repository
conditions including conditions of light and moisture.
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The similarly estimated values or m for the 5 Kw cans, Case

C-2, are 15 cm/y during the first 20 years after burial and 6 cm/y

between 20 and 30 years after burial.

4.4 Estimates or Rates or Injection or Derects Into Migrating

Brine

The steady state value of C from Eqn. 4 is 170 mole/g.

Substituting this value in Eqn. 1,

2 x 10 X 1x
with m and X equal to 6 cm/y and 0.1 cm, respectively, we have,

(6)(1.7 x 10 ) 2 x 103, (6)
.1

or

a 20 (mole, 1-1, yr-1)

For comparison with the rates at which chlorine in formed by

direct absorption of radiation in the brine, I calculate that with

2g'(H2) - g(Cl2) + 2g'(Cl3) = 4.2, and with dose rate = 8.8 x 108

rad/yr (2 Kw can), the rate of formation of chlorine is 4.6 mole/yr
(measured as C10). Accordingly, the contribution from the salt could

be several times that from direct absorption of radiation if it is
assumed that a1l of the trapped electrons (or NO0) react to form

H2 upon dissolution.

5. Amounts of MgC12 and Radiolytic H2 Entering Open Spaces Around

Can With Migrating Brine

Estimated rates at which MgC12 is introduced into the open

spaces around a can with migrating brine in Cases C-1 and C-2 are
plotted in Figs. 3 and 4. As indicated in the figures, the concen-
tration or MgC1 2 in the brine was assumed to be 3 molar. Additional

amounts of MgC12g, about 1 mole in each system, would be associated
with the crushed salt at the start and would be In the open spaces

shortly after burial.

See Appendix 7.
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Fig. 3 - Rates of Flow of Radiolytic H2 and MgC12 Into Open
Spaces Around Can Along with Brine, Case C-1,

2 Kw Can; Assume G(H2) = 2.1, (MgC12) = 3M
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Fig. 4 - Rate of Inflow of MgC12 Into Open Spaces Around Can with
Brine, Case C-2, 5 Kw Can; Assume (MgC12 ) = 3M
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As discussed above, it is probable that the concentration of

radiolytic H2 within the brine will not exceed 1 molar. Assuming that

this is the case, the rate of inflow of H2 would not exceed one-third

of that for MgC12. The plot for H2 in Fig. 3 was made before this

probable 1 molar limit for H2 was recognized. The high initial rate

of inflow of MgCl 2 shown in Fig. 4 resulted from the assumption that

brine was released by high-temperature fracture of the salt (Section 3).

The estimated rates of inflow of radiolytic H2 in this case were less

than 200 p mole/hr during the first five years after burial. After

this time, the estimated rates for H2 would be about one-third of those

for the MgC12.

6. Fates of Chlorates and Bromates in Spaces Around Can

Sodium and magnesium chlorates and sodium bromate decompose into

perchlorates, halides, and oxygen at elevated temperatures. The

perchlorates in turn, decompose into chlorides and oxygen. The temper-

atures around a can may be a little below those at which some of the

pure compounds would decompose. However, the mixtures of salt which

would be present around a waste can probably would decompose at the

temperatures which prevail around a can. No chlorine would be expected

from the decomposition.

Magnesium bromate decomposes into the oxide, oxygen and bromine.

Accordingly, some bromine might be formed in the spaces around a can

if bromates are, in fact, formed within the migrating brine. The

maximum amount of Br 2 which could form at an assumed high brine inflow

rate of 5/y would be about 0.1 mole/y.

7. Radiolysis of Vapors Around Can

Formation of 03 takes place in dry or moist air at normal tempera-

tures. However, at low partial pressures of air, its rate of formation

would be very low.29 At high temperatures, any O3 which might be formed

radiolytically would be quickly lost by thermal decomposition and/or

by reactions with other species which might be present. Accordingly,

I believe that 0 3 -formation will not be a problem in these systems.

ASee Appendix 5.
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Nitric acid is formed by irradiation of moist air, and its forma-

tion might continue in gas mixtures containing low partial pressures

of 02 and N2 at elevated temperatures. The presence of HCl vapor

might affect tbe radiolysis of the moist air, but there is no informa-

tion on this.

Assumed values of G(03) and G(HNO) are listed in Table 3 together

with calculated values for the corresponding rates of formation of these

species. The G-values refer to energy absorption in the gas-water vapor

mixture. Temperatures > 100 C will be reached within a few hours after

burial of the 5 Kw cans.

Table 3. Rates of Formation of HN03 and 03 in

Crushed Salt at 5 x 10 5 Rad per Hour
[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]

8. Significance of the Results of the Work Reported in this Paper to the

Design and Operation of the High-Level Waste Repository

8.1 Introduction

Presented in Table 4 is a summary of my conclusions regarding the

identities of the species which will enter the open spaces around a waste

can and also regarding the maximum rates of introduction of these species.

Active and/or noxious chemicals are included among the species, and

their presence my influence the final design and operating procedures

for the waste repository. Avenues of possible influence which should be

or have been considered are discussed below.



Table 4. Summary of Conclusions Regarding Identities of Species Appearing
Around a Waste Can and Regarding Maximum Rate of Appearance

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]
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It can be noted here that the effects of the species in Table 4

on the design and operation of the waste repository have not been

completely evaluated. However, we haven't yet recognized any possibly

serious detrimental effect which couldn't be counteracted by some

modification of the design or operation of the repository. Also, the

repository project is planning or is presently conducting additional

work in a number of different areas including work in brine migration,

radiolysis and stored energy. The results of this work will help in

evaluating the amount and the effects of the radiolysis, hydrolysis

and corrosion products.

It should be emphasized that the rate values in the table are

maximum values. The analyses in this report were aimed at providing

conservative estimates. The actual rates of formation of a species

are expected to be equal to or less than the value indicated in Table 4

and elsewhere in this report.

8.2 Reference Information

The following reference material is presented here for convenience

in the following discussion.

According to present tentative plans, a burial room will be venti-

lated with air flowing at 20,000 scfm during operations within the

room. These operations will require a period of time no longer than 3

months. 17

Each room will be backfilled with crushed salt after completion of

burial operations (backfilling of a section of a room after completion

of burial operations in that section could also be done if desired). l7

With 5 Kw cans, a total of 10 cans will be buried below a single

room. The room volume per 5 Kw hole will be about 10 ft 3 .

The fraction of open spaces in the crushed salt backfill, as

charged, is expected to range from about .27 for mixtures of fine

and medium salt to about .37 for medium salt. Diffusion thru beds

of as-charged medium salt is expected to be about three times slower

than thru free space. Consolidation of the crushed salt backfill

will take place with accompanying dimunition of the fraction of open
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spaces and possibly of the gas transport capabilities. The times

after burial at which the backfill within a hole will have been

consolidated have not been established.

The lower ignition limit for mixtures of H2 in air or oxygen is

about 4 vol %. In mixtures of water vapor and 12 and 02, the lower

limit is about 15 to 20 vol % H2 plus 02. The size of the container

affects the ignition limit in the latter mixtures under at least some

conditions; A36 at 200 C the explosive limit increases from about

15 vol % of 2 H2 + 02 to about 50 vol % as the ratio of surface area

to gas volume increases from about 1 to 10 in.1.36 The ratio of

surface area to gas volume in the crushed salt will be about 200 or

more per in., and it is likely that the lower ignition limits will

exceed the 4 vol % mentioned above by substantial factors. However,

experimental verification of this hypothesis would be required before

use could be made of a given ignition limit in an engineering design.

The upper limit of inflammability Of H2 -air mixture is 75% H2. That

for H2-02 mixture is 94% H2.34

The permissible concentration of HCl in the air within working

areas is 5 ppm.

The corrosion of stainless steel at high temperature by vapors

containing HCl or C12 is likely to be appreciable (several tens of
38

mils per year) whereas the rate of corrosion by water vapor alone

likely would be negligible. The accelerating effects of HC1 and C12

on corrosion probably are comparable. There is no information as

to whether either Cl2 or HCl catalyzes the reaction between water

vapor and stainless steel, i.e. as to whether the chlorine species

would form stable metal halides and whether corrosion would stop

when the chlorine species were consumed.

8.3 Formation of Explosive Gas Mixtures With Hydrogen Gas

8.3.1 With Gas Trensport Properties of Salt Beds Above Can

Comparable to Those of Medium Crushed Salt

a. Within waste disposal hole

My estimates of the transport of H2 thru beds of medium crushed

salt indicate that the maximum concentration of H2 at any elevation above

The size of the container also affects the ignition limits in other gas
mixtures.
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the can would be < 3 vol 5 at the maximum rates of generation of H2

listed in Table 4. Thermal and other bouyancy effects would play

important parts in transferring the H2 up thru the 8 ft deep beds

and into the room. However, diffusion alone would suffice to hold

the H2 at < 3 vol % when radiolysis is the only source of H2.

The situation below the top of the can is less obvious. However,

for several reasons it seems unlikely that an explosive composition

would form. In general, gases will tend to be swept out and the

remaining gases diluted by any steam which escapes reaction with the

can. Any H2 which is generated by reaction between the can and water

will exercise similar sweeping and dilution effects. In addition it

is likely that 02 as well as water vapor would react with the can so

that when diluent H20 is removed from the gas-vapor phase, the 02

would also be removed.

b. Room above waste disposal can

It can be shown that introduction of H2 into a burial room at

the maximum rates listed in Table 4 would present no problem from the

standpoint of explosive gas-mixtures. Thus, introduction of H2 at a

rate of 4 x l03 mole/y (7.6 x 10-3 mole/min) from 10 5 Kw cans buried

below a room would result in a maximum concentration Of H2 of 3 x 105

vol % within the ventilation-air. Even with no ventilation, the

uniform concentration Of H2 within the volume of air associated with

a burial hole would be only 3 vol 5 at the end of one year. If the

room above a can is backfilled immediately after burial of the can,

the uniform concentration of H2 within the crushed salt would be 9 vol %

after one year providing H2 escapes the hole at the maximum rate listed

in Table 4. As mentioned in Section 8.2, 3 vol % H2 is at the lower

limit for reaction in large containers. The lower ignition limit for

gas mixtures within the crushed salt is unknown, but it is likely to

be in excess of 9 vol % H2 .

8.3.2 With Burial Hole Sealed

In the event that a gas tight seal develops or Is imposed within

a salt bed above a waste can, there are possibilities that an explosive

mixture of gases would collect below the plug. Thus for example,

assume that a plug forms at an elevation of 2 ft above a can, and
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assume also that the temperature of the 2 ft length of bed is still
below that at which the vapor pressure of water is appreciable. Then
gases would tend to accumulate in the 2 ft length of bed, and the
maximum rate of increase of the partial pressure of radiolytic H2
would be about .03 atm per day. The rate of partial pressure increase
when H2 is generated by corrosion at the maximum rate or 400 mole/y
is about 4 atm per day. In order that the gas mixtures be combustible
they must contain 02. Oxygen is generated along with the radiolytic
H2, and providing this 02 does not react with the can, it would
accumulate along with radiolytic H2 in the gas mixture. Atmospheric
oxygen at a partial pressure of 0.2 atm might be trapped below a
plug and this limited amount might be available for reaction with
corrosion H2 .

Considerations to date have indicated that an explosion below a
plug after the space in the room above the can has been backfilled
would not lead to ejection of the can from the hole. Also, an explosion
at that time would not lead to serious dispersal of radioactivity even
though the can is open for some reason at the time of the explosion.
This latter conclusion follows from consideration of the maximum amounts
of gases which would be available for expulsion from the hole and from
the reasonable assumption that the expelled gases will quickly reach
an approximate thermal equilibrium with the crushed salt in the room
above the can. Thus, say 400 moles of H2 (320 ft 3 , STP) accumulate
within the space around a can for some unforseen reason, and say also
that all of the 400 moles are expelled by an explosion. This amount
of gas would occupy the gas space associated with a 4 ft length of
room holding 5 Kw cans. The length of room associated with each can
will be at least 40 ft, and it is very unlikely that any expelled gas
would reach the room opening.

The considerations made to date have not led to any definite
conclusions as to whether an explosion prior to backfilling would be
of any concern.

R. D. Cheverton and G. H. Jenks, unpublished analyses, July 1971.
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8.4 Introduction of Noxious Gases Other Than Radioactive Species

Into Working Area

It can be shown that introduction of HC1 into the 10-can room at

the maximum rate listed in Table 4 is of no concern from the standpoint

of exceeding acceptable concentrations. With ventilation at 20,000

scfm and with HC1 injection at 20 mole per year per can, the maximum

HC1 concentration in the ventilation air would be 0.015 ppm. Without

ventilation the tolerance concentration of 5 ppm could be reached after

one day. Prolonged loss of ventilation would be precluded by the

operational design.

Other species such as Br 2 and HN03 would be injected at much lower

rates and would reach much lower concentrations in the working areas.

8.5 Effects of HC1 and Other Active Species on Transport of Fission

Product Activities

Experts in this area have not ruled out the possibilities of

forming volatile oxychlorides and they are investigating these

possibilities.

8.6 Effects of HC1 and Other Active Chemical Species on Corrosion

of Waste Can

As mentioned in Section 8.2, it is likely that the corrosion rate

of stainless steel is appreciable (several tens mpy) in contact with

water vapor containing HCl or C12 at high temperatures. The corrosion

of carbon steel is also likely to be substantial. At a maximum, the

average rate of corrosion could correspond to that at which the rates

of inflow of water and of reaction of water with the can are equal.

(Assuming maximum rates and uniform corrosion, the 1/4 in. walls on a

5 Kw can would be completely converted to oxide at 15 years after

burial.)

8.7 Effects of Explosive Reactions of Chlorates and Perchlorates

Chlorates and perchlorates are explosives when they are in contact

with oxidizable materials. However, It can be inferred that the explosive

energy which could be developed from these materials within a waste

hole would be tolerable after the burial room has been backfilled.

The bases for this inference are the following.

No analysis has been made of the situation prior to backfilling.
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a. An explosive force equivalent to 1 lb of TNT within a burial

hole is considered tolerable. 3

b. The maximum rate of formation of chlorate is about 1.3 mole/y,

Table 4. (The equivalent maximum rate of formation of perchlorate from

chlorate is about 1.0 mole per year.) As stated in Section 6, it Is

believed that these compounds would decompose thermally to form 02 and

halides.

c. The explosive efficiency of the chlorates and/or perchlorates

which might be present within a burial hole are unknown. It is conser-

vative to assume that the material has an explosive efficiency equiva-

lent to that of TNT and that the material has an atomic weight of 150

Thus, the explosive force which could be developed from the maximum amounts

of chlorates which could accumulate during one year, without any thermal

decomposition during the year, would be equivalent to about 0.35 lbs

of TNT.

d. The situation with respect to dispersal of radioactivity is

the analogous to that discussed in Section 8.3.
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APPENDIX 1

Composition of Brine

Holser reported experimental values (Table 1.1) for the ratios

of Mg, Br, 80,4 and Ca to C1 in the brine inclusions in salt from the

mine at Hutchinson, Kansas, and from a core from the Naval Air Station

at the same location. He did not report any ionic concentrations,

but he stated that his results showed that the brine inclusions were

formed by the evaporation of sea water and that the concentration factor

was about 60.

Values for the concentrations of Mg, Na, K, Cl and Br which I

deduced from Holser's results and/or interpretations are listed in

Table 1.2. The concentrations of Mg and Ma in columns 2 and 3 were

obtained using the 25 C solubility data in Fig. 1.1 and also using

the material balance relationships,

(C1) 2(M) + (NIa) + C (1.1)

and

(N) * (Ha) + K (1.2)

with (K equal to 0.3 mole/kg. Eqn. 1.2 was deduced from Eqn. 1.1

using Holser's data for (Mg)/(Cl). Holser did not report on (K) and

the above value is that reported by Usiglio for sea water which was

concentrated by 60X. In using Fig. 1.1, it was assumed that two KC1

were the equivalent of one MgCl2 with respect to the effects of these

solutes on the solubility of MaC1. Concentration values were selected

to give a best fit to Eqn. 1.2 while, at the same time, giving best

agreement with the assumed equivalence between effects of MgC12 and KC1.

The value of 1.28 for the density is that reported for 60% sea water.

The value for (Mg) in column 5 was established using Usiglio's

value for (Mg) in sea water after concentration by 60%. The value for

These deposits are thought to be substantially the same as those at
Lyons, Kansas.
Holser further stated that the brine inclusions are probably unchanged
samples of bitterns left behind in Permian time
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TABLE 1.1

Reported Ratios of Concentration
of Ions in Brine Inclusions
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Table 1.2. Composition of Brine Inclusions
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Fig. 1.1 - Solubility NaC1 in Solutions of MgC12
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(K) was found as described above. The value for (Na) was then

established using the solubility data in Fig. 1.1 with an effective

concentration of Mg,

(mg) r (M6) + 2K . (1.4)

The concentrations of Mg, Na, Br, and Cl derived using these two

different approaches are in reasonable agreement. I concluded that the

composition of the brine is within the following range of compositions.

Ion
[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]
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APPENDIX 2

Review and Discussion of Reported Information on
g'-Values in Chloride Solutions;

B-y-Irradiations

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]
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Fig. 2.1 - g'-Values for C12 in NaCl Solutions
Using Data of Anbar and Thomas)

(Sawai and Hamil



39

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]

Fig. 2.2 - g'-Values for H2 02 in NaCl Solutions (Sawai and Hamil)
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2-1.1.3 g'(H2)

Brusentseva and Dolin2 .4 studied y radiolysis of neutral KC1

solutions at concentrations up to saturation. Evolution of H2 and 02

took place in amounts which increased with increasing KC1). The

ratio of (H2) to (02) was close to 2. Their data are represented in

a plot of G(H2)A and G(02) vs (KC1) in Fig. 2.3. Additional infor-

mation on their work is included in Table 3.1.

It may be noted here that the values of G(H2) which were reported

by Brusentseva and Dolin for (KCI) > .07M exceeded that of g'(H2) in

pure water; at 4M KC1 the factor was about 4. Evidence in support of

the high G(H2 ) values of Brusentseva and Dolin is included in the

discussion Section, 2-2.2.4.

Information on g'(H2) values mentioned by Sawai and Hamil 2

appears to conflict with that of Brusantseva and Dolin. 2.4 The former

investigators stated that g'(H 2 ) is nearly unchanged in 2M C1 with

0.002M N03- and 0.02M isopropyl alcohol. However, Baybarz 2 .5 found

that a smal1 amount of methanol, < 3 vol %, in 10M LiCl with 0.05M

HC1 reduced G(H2 ) under a irradiation (6 x 104 rad/min) from 2.36 to

a negligible value. This reduction has not been explained. However,

the results of Baybarz suggest that isopropyl alcohol might have

affected the results of Sawai and Hamil. Accordingly, I discounted

their results in the present considerations.

The above mentioned work of Bhybarz2.5 was done with 6.1 Mev

a-perticles (Table 3.2). It can be assumed that his experimental

values of G(H2) were less than or equal to g'(H2) in the same experi-

ments (See Section 2-2). In pure water the value of g'(H2) for 6 Mev

a's is about 1.5.2.6 Accordingly, the experimental values for g'(H2)

in the 13M LiCl solution are substantially greater than in pure water.

As discussed in a later Section, 2-2.2.4, it is very likely that
these experimental values of 'G(H2 ) were less than or equal to values
of g'(H2) in the same experiment.

Presumably from that in water although this was not stated.

g'(-HCl) was also reduced to a negligible value.
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Fig. 2.3 - G(02) and G(H2 ) in KC1 Solutions (Brusentseva and Dolin)
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2-2. Discussion

2-2.1 Spur Diffusion Model of Radiation Chemistries of Water

and Aqueous Solutions

The radiation chemistries of water and aqueous solutions are

usually described in terms of the spur diffusion model.2.8,2.9

Several pairs of radicals or ions (primarily e aq' OH and H3O+ in

pure water) are formed in small isolated volume elements (spurs)

in the initial radiation process. Species within the spurs interact

au they diffuse into homogeneous distribution, and these interactions

result in the reformation of water and in the formation of other

molecular products. In pure water under y-irradiation, the decomposition

products which appear in homogeneous distribtuion are principally,

e j, OH, H2 and H202.aq

The H2 02 and H2 are formed, primarily, by the following reactions,

e aq + e aq + 2H2 0 - H2 + 20H, (2.4)

OH + OH - H202. (2.5)

Important water-reformation reactions are,

eC + H2 02 - OH + OH, (2.6)aq

e aq + OH - OH, (2.7)

01H + H36 - 2H20. (2.8)

Reactive solutes at high concentrations can react with radicals

within the spurs and thus cause changes in g'-values from those in

pure water and, at the same times, cause the formation of additional

g'-species. For example, a solute such as C1 which presumably can

react with OH within the spur would cause reductions in g'(OH) and

g'(H202) from those in pure water. This solute would also promote

increases in g'(e ag) and g'(H2) providing that the new products of

the spur reactions (i.e. C12 and possibly C12 ), do not remove

e as rapidly as do OH and H202 in the pure-water system.aq
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Fig. 2.4 - G(C12) in Solutions of KC1, of NaC1, and of BaC12
at pH 11 (Kabakchi, Gramolin, and Evokhin)
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2-2.3 Expected Effects of Elevated Temperatures on g'-Values

in Chloride Solutions

Increasing temperatures (to at least 250 C) have negligible

effects on g'-values in pure water.7,2.12 This temperature insensi-

tivity can be explained qualitatively in terms of a balance between

the increase in the rates o f diff usion-limited thermal reactions

within a spur and the increase in the rates of diffusion into

homogeneous distribution. Assuming that this qualitative explanation

is correct, I would expect that g'-values in C1 -solutions would also

be insensitive to increasing temperatures.
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APPENDIX 3

Summary of Reported Information on G(C1 2 ),

G(H2 ), and G(02) in Chloride Solutions
and in Salt-Mine Erines

[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]



Table 3.1. Summary of Some Literature Information on G(C12) and C(H2) for
Solutions of Acid Chloride
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Notes to Table 3.1

a Ref. 3.4

b The reported values of G(C1 2) increased linearly with increasing

(HCl) in this c onte ntrat i on range. I rea d these val ues from the

reported plot of the data.

c My estimate.

d Ref. 3.3.

e These values compare with a value of 0.89 for g'(H2) in pure

water in the same irradiation facility. Ref. 3.5.

f Reagent grade HC1.

g Ref. 3.6.

h Treated with KMnO4 and then distilled.

1 Ref. 2.5.

In pure water, the value of g'(H2 ) for 6 Mev a's in about 1.5

(See Section 1.1.3, Appendix 2).



Table 3.2. Summary of Literature Information on C(C1 2), C(H2) and C(02) i n

Neutral and Basic Chloride Solutions
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Notes to Table 3.2

a Ref. 3.1.

b I estimate that the temperature was 30-40 C in each or these

experiments.

c Ref. 3.2.

d A steady-state pressure of about 10 atms was observed in gas phase

over the saturated solution; Ref. 3.2.

e Reagent grade.

f See Fig. 2.3. G(H2 ) and G(02) increased with increasing (KC1)

starting from zero at (KCI) .0lM.

g Ref. 2.10. See Fig. 2.4.

h Ref. 3.3.

i This compares with a value of 0.89 for g'(H2 ) in pure water in

the same irradiation facility.

j

k

Specially purified to remove bromide ion.

Ref. 2.4.
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APPENDIX 4

Identities of the Oxidized Species Formed Radiolytically

Within Chloride Solutions and Salt-Mine-Brine

4-1. Introduction

Formation of reduced species in the radiolysis process must be

balanced by formation of a stoichiometrically equivalent number of

oxidized species. Mor chloride solutions, this balance is expressed

by the following relationship between G-values when it is assumed that

C12 and C103 are the only final chlorine species,

G(H2 ) a 20(O1) + G(H20 2 ) + G(Cla) + 3G(ClOC). (4.1)

Eqn. 4.1 is valid regardless of the identity of the reduced species.

For example, it is valid if reduction of °2 to H2 0 takes place instead

of release of H2 . The sign of G(02) would be negative in this case.

The g'-products could include radicals and C12 as shown in the following

oxidation-reduction balance relationship,

2g'(H2) + g'(e ,q) + g'(H) - g'(OH) + 2g'(H 2 0z) + g'(C12 -) +

2g'(Cl2). (4.2)

Values of g'(H 2 ) and G(H2) in chloride solutions were discussed

previously, Appendixes 2 and 3. Information on the identities of the

balancing species is reviewed and discussed below.

4-2. Neutral Chloride Solutions

The experimental data showed that 02 is formed along with H2 in

the approximate ratio of one 02 to two H2 (small excess of H2 ) and that

G(C12) is small or negligible out to saturation concentrations of NaC1

and KC1. Accordingly, reactions must occur in which chlorine species

oxidize H20 to form 02. In amplification of this statement, it can be

noted that in the absence of reactions between chlorine and H20, the

The salt mine brines contain Br-, and accordingly, the oxidized species
include bromine species with oxidation number > -1.

See Table 3.2 and Fig. 2.3.
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4-4. Acid Chloride Solutions

The data of Kubota indicate that G(C12 ) is negligible during

y-irradiation of aerated HC1 solutions at (HCl) < 1M. Above about

1M his values of G(C1 2) increased linearly with increasing (HCl) up

to about 8M where G(C1 2) equaled 0.10. Above BM HC1, G(C1 2 ) increased

more rapidly, and the value of G(C1 2) at 11M HC1 was about 0.15.

The G(C1 2 ) values reported by Bugaenko et al., for -irradiation

of deaerated solutions of 1 to 6M HC1 are much higher than those of

Kubota; G(C1 2) was 1.1 at 6M HC1.

The negligible values of G(C12) below 1M HCl might be explained

by assuming the occurrence of certain reactions between chlorine and

water of the types discussed in Section 4-2. The occurrence of

significant values of G(C12) above M HC1 might then be explained by

assuming that these reactions are inhibited by hydrogen ions and that

the degree of inhibition becomes significant at 1M H+. In acid

solutions, the chain reactions leading to oxidation of H20 must be,

C12 + C12 + H2 0 - 2H1+ + 3C1 + 1 0° (4.13)

C10° + C12 + H2 0 - 2H+ + 2C1 + C10° + 02 (4.14)

to give the overall reaction 4.9. It is easy to speculate that

hydrogen ions inhibit one or both of these reactions (4.13 and 4.14).

No explanation is offered for the substantial difference between

the reported results of Kubota and those of Bugaenko et al. However,

it can be noted that oxidized species other than C12 are possible

products of radiolysis (see below), and some difference between results

of different investigations might have resulted from the undetected

occurrence of some of these.

See Appendix 2 and 3.

It can be mentioned that little difference between the g'-species
and-g'-values of x- and y-rays would be predicted from theory.
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The possible importance of the radiolysis of brine around a

can will depend upon the residence time for the brine and this in

turn will depend Upon the rate of heat up of can and surroundings.

With a 5 Kw can, the temperatures at the ends of the can will

exceed the boiling temperature of brine at times subsequent to about

14 hr after burial. Because of the short exposure time, it can be

assumed that radiolysis of liquid around a 5 Kw can will be of

negligible importance.

The temperatures at the ends of a 2 Kw can do not exceed the

boiling temperature or brine until after a period of about six months

following burial. If it is assumed that water vapor does not escape

from the can region for some reason (e.g., plugs in the crushed salt

backfill) essentially all liquid which entered the can region during

this period would remain as liquid. A conservative estimate is that

one-half of the amount (0.6 liters max) which enters the region

remains and is irradiated for the entire 6 month period. At 105

rad/hr, the rate of production of H2 is 0.3 mole/yr at G(O2 ) equal

to 2.1, and the total production of H2 is 1.5 moles during a 6 month

period. As shown in Table 4, the 0.3 mole/yr rate for H2 is well

below the maximum rate at which radiolytic H2 would appear around a

can as a result of the migration of brine to the can. The maximum

amounts of 02, C03 , Br0j and Cl2 ( HCl) would also be well below

those associated with the migrating brine.
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APPENDIX 5

Hydrolysis and Pyrolysis of Brine-Salts
Around Waste Can
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I concluded that the formation of C12 under the conditions prevail-

ing around a can would be unlikely.

The decomposition temperature for Mg(CI0 4 ) 2 is 250 C.5 4

c. HaBrC3

Thermal decomposition produces NaBr and 02. 5- Decomposition

takes place readily in the temperature range 300 to 368CC.5 . 5

f. - Mg(BrO3)2

The principal products of thermal decomposition are MgO, Br2

and °2 5 The decomposition temperatures are in the neighborhood

of 300'C.5.5

It should be emphasized that decomposition temperatures within

the mixture of salts from the brine might be substantially below

those for the pure compounds.

It may be noted that it in unlikely that irradiation of any

oxygen-containing salts around a can will have important effects on

the stabilities of these salts. In order to illustrate this idea,

assume that the dose rate is 105 rad/hr and that the G-value for

decomposition is 4.5.6 Then the fractional decomposition per year

is about 0.5. It seems likely that thermal effects will outweigh

radiation effects on decomposition.

5-2. Hydrolysis of MgC1 2 to form HCl

Magnesium chloride reacts with water (including water of hydra-

tion) or steam at high temperatures to form ECl. 5 7 -5 .10 The overall

reactions are usually represented as,5-8'5 .10

MgC1 + H20 _ Mg(OH)Cl + -Cl (5.2)

and

2Mg(OH)Cl == Mgc12 + Mg0 + H2 0 (5.3)

The available fragmentary Information on these equilibria

indicate that reaction 5.2 will go to completion to the right at

temperatures above about 180 C (Table 5.1) providing that the HC1

moves away from the MgC12 . Complete hydrolysis through reaction

5.3 takes place only at temperatures over 520C.5.10
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Table 5.1. Compositions of Steam-HCl Mixtures

Over Mixtures of MgC1 2 and the
Hydrolysis Product
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APPENDIX 6

Brine Inflow by Cavity Migration
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Fig. 6.1 - Values of f(T) vs Temperature
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Fig. 6.2 - Temperature-Time-Distance Relationship Used by
Bradshaw and Coworkers
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Fig. 6.3 - Cavity Migration Rate vs Temperature
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Fig. 6.4 - Cavity Migration Rate [(cm/yr)/(C/cm)]
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Fig. 6.5 - Salt Temperature vs Distance from Center of Can at
Several Different Times After Burial, Midplane

(Case C-1, 2 Kw Can)
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Fig. 6.6 - Salt Temperature vs Distance from Center of Can at
Several Different Times After Burial, Midplane

(Case B-2, 5 Kw Can)
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Fig. 6.7 - Salt Temperature vs Time After Burial at Several
Different Radii, Midplane (Case C-1, 2 Kw Can)
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Fig. 6.8 - Temperature vs Time After Burial at Several Different
Radii, Midplane, Case B-2 (5 Kw Can)
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Fig. 6.9 - Temperature Gradient Vs Time After Burial at Several
Different Radii, Midplane (Case C-1, 2 Kw Can)
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Fig. 6.10 - Temperature Gradient vs Time After Burial at Different
Radii, Case B-2 (5 Kw Can)
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Fig. 6.2 - Time Required for Inclusion Starting at Given X to Migrate
Into Hole, Midplane, Case B-2 (5 Kw Can)
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Time Required for Inclusion Starting at Given X to Migrate
Into Hole (Case C-1, 2 Kw Can)

Fig. 6.12 -
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Fig. 6.13 - Cumulative Brine Inflow vs Time After Burial; Case C-1, 2 Kw
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Fig. 6.14 - Total Cumulative Brine Inflow vs Time After Burial,
Midplane, h = 10 ft, Case B-2 (5 Kw Can)
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Fig. 6.15 - Rate of Brine Inflow vs Time After Burial
(Case C-1, 2 Kw Can)
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Fig. 6.16 - Rate of Brine Inflow vs Time After Burial, Midplane

h - 10 ft (Case B-2, 5 Kw Can)
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Fig. 6.17 - Total Cumulative Brine Inflow vs Time After Burial,
Midplane, h = 10 ft (Case C-2, 5 Kw Can)
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Temperatures within the horizontal planes passing through the

top and bottom of a can are less than those in the midplane. The

planes which are midway between the end and midplanes are about

equivalent in temperature to the midplane.

6-3.2 Brine Inflow from Salt Above Top of Can Case C-1.

I estimated that brine inflow to the top of the can from

hemispheres above the top would be about 21 during the first 25 years;

see Fig. 6.13. Similar: inflow to the bottom of the can from salt

below the bottom would be 21 during the same period of time.

6-3.3 Effective Values of h for Brine-Inflow Estimates, Case C-1

The estimated values of total brine inflow which correspond

to midplane conditions and to an assumed h-value of 10 ft are too

high because of the lower migration rates at the end-planes.

However, the middle one half or more of the can is at midplane

conditions (Section 6-3.1 above), and if it is assumed that the

inflow rates decreased linearly from this middle one-half to the

ends, it can be shown that the inflow values estimated as stated

above are in error by only 5 to 10%. This is well within the overall

uncertainty of the estimates.

6-3.4. Changes with Time in the Brine Content of Salt at Edge of

Hole, Case C-1.

Estimates of the brine content of the salt at the edge of the

hole at exposure time, t, were made for Case C-1 using Eqn. 6.3,

(Inflow rate),

bt (migration rate), (6.3)

where (migration rate), is the value of this quantity at the edge of

the hole estimated as described in Section IV-3 and IV-4 above, and

bt in the brine content of the salt at the edge of the hole at the

given time, t.

Values of inflow and migration rates and of the resulting values

of b at certain times ranging up to 50 years are listed in Table 6.1.

And from below bottom of can.
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These values indicate that the brine concentration within the

salt at the edge of the hole remains approximately constant during

the exposure times considered (50 years).

No estimates were made for Case B-2 because of tbe limited

times for which temperature data were available and because the

diameter of the hole was presumably changing with time. Values for

Case C-2 were not available at the time these estimates were made.
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Table 6.1. Lists of Migration Rates at Edge of
Hole, Brine Inflow Rates and Resulting

Values of Brine Concentrations in
Salt at Edge of Hole
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APPENDIX 7

Estimation of Dose to and Total Hydrogen

Generation in Migrating Brine;

Procedure and Results

7-1. Procedure

Prepare a plot of dose rate vs position within salt over the

ranges of time which are of interest, Fig. 7.1.

Estimate the dose absorbed by brine within a cavity starting at

given XO and moving through a small distance in time Use

relationships which were obtained as part of the estimates of

brine inflow which were discussed in Appendix 6. Repeat this process

until the cavity which started at X0 reaches the particular radius

of interest. Sum the doses received by the migrating brine during

its migration between the given radial positions.

7-2. Results for Case C-l

A list of estimated values of dose vs Xo for brine moving into

the open spaces around a can for Case C-1 is set forth in Table 7.1.

Figure 7.1 was employed in these estimates. It was assumed that the

dose rate remained constant during the 27 years exposure period.

The results show that the great majority of the dose is accumulated

at the high dose rates in the salt adjacent to the hole. Accordingly,

the dose to the brine is approximately independent of the value of X0.

Values for the concentration of radiolytic H2 which correspond

to the listed dose values when G(H2) equals 2.1 and when all, H2 is

retained in the brine are listed in the final column of Table 7.1.

7-3. Results for Case B-2

A list of estimated values for dose to the migrating brine and

for the hydrogen concentration within the brine, calculated as described

above for Case C-1, is set forth in Table 7.2.
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Fig. 7.1 - Dose Rates in Salt at Midplane Case C-1, 2 Kw, 10 Year
Aged Waste, 1 Year After Burial
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Table 7.1. List of Doses Received by and Hydrogen Generated
in Brine Which Starts at Different Radial Positions,

XO and Migrates to Edge of Hole,
Case C-1 Midplane
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Table 7.2. List of Doses Received by and Hydrogen Generated

in Migrating Brine Entering Edge of Open Spaces

Around Can, Case B-2, Midplane
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