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1,0 Abstract

A full-scale, always-safe; metal dissolver for Experimental
Breeder Reactor fuel was designed, built, and installed for test
operation. It was found that the dissolver operated satisfactorily,
and feasible operating procedures were established for the disso-
lution of bare, or jacketed, EBR slugs.

Minor modifications of the dissolver design have been required
to accomodate a modified EBR slug, but it is believed that this will

not significantly affect its operating characteristics.




2.0 Introduction

An always-safe dissolver was designed for the dissolution of enriched

Experimental Breeder Reactor slugs at the Idaho Chemical Processing Plant.
Because there was no previous operating information on this equipment, a
prototype full-scale dissolver was installed to demonstrate the feasibility
of the suggested design and to develop practical operating procedures. The
uranium when in the EBR is in a stainless steel jacket with sodium metal as
the jacket to uranium bonding agent. After withdrawal from the reactor,
the stéinless steel and sodium are removed and the uranium slug is placed.
in an aluminum can to aid in its storage and handling. At the time of
this work, a firm decision of the use of the aluminimum can had not been
made; therefore, the dissolving of bare and aluminum canned slugs was studied.
The aluminum canned slugs will probably be used.

In the course of this study, the effect of the following dependent
variables were evalutated:

1. Dissolution of aluminum-jacketed slugs vs. bare slugs.
2. The length of dissolving time on final solution composition.
In addition, data were obtained on the following:
l. Acid-to-metal dissolved ratio.
2. The relation of vapor temperature in the dissolver to the time
of dissolution completion.
3. The volume of water to be added to the dissolver at the completion
of dissolution to give the desired solution composition.
L. The off-gas volumes, rates, and compositions.
The object of this study was to dissolve 9 EBR slugs (Dimensions: 1.771-
1.773" long, 0.362-0365" diameter; weights: 525 gms. of uranium, 35.0 gms. of
aluminum) to a final composition and volume as follows: |

U02(NO3)2 1.28M

s oo -
Acid Deficiency 0.20N M
Volume 1750 ml ' '
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2,0 Introduction (continued)

With bare slugs the composition and volume become:

UOZ(NO3)2 2.0M
Acid Deficiency 0.2N
Volume 1130 ml

The bases for these compositions were solubility and available storage
volume, It was found that a total molarity of 2.0 was consistent with
the tankage available for storage and would insure non-freezing of the
final solution. Both solutions are acceptable as feed to the "25% Process.
The size of the charge to be placed in the dissolver was determined
on criticality grounds even though the dissolver was to be of sub-critical
design, i.e., 4 inches inside diameter. Also, because a 0.2N acid de-
ficient final solution and a short dissolving time were desirable, a 200
per cent metal heel was adopted. The maximum uranium-235 was taken as
8 kg. (assumed criticality limit based on present data available)¥ How-
ever, a factor of safety of 5 reduces the amount of uranium to 1.6 kg.
With the 200 per cent heel, the charge becomes about 530 grams, approxi-
mately equal to the weight of nine slugs.
3.0 Summary
l. It was demonstrated that the sub-critical dissolver operated sat-
isfactorily when dissolving either aluminum~jacketed, or bare, EBR slugs.
The time required for dissolving nine jacketed slugs was 3.5 hours, while
L hours was necessary for the bare slugs. The increase in the dissolution

time for bare slugs was essentially due to the longer time required for the

#ORNL-725, Page 12
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3.0 Summary (continued)
solution to go acid-deficient.

2. The nitric acid to metal dissolved ratios were 3.9 and L.l for
the jacketed and bare slug dissolutions, respectively, to obtain an acid
deficiency of 0.20N.

3. Observations of the vapor temperature in the dissolver disclosed
that it decreased slowly to a minimum and then remained constant. The con-
stant temperature was reached L5 minutes before the end of the dissolu~-
tion of the jacketed slugs and 1.5 hours before the end of bare slug
dissolving.

L. Experience indicated the addition of about 475 ml. of water to
the hot solution at the end of a regular dissolution run was necessary to
give the desired concentrations in both types of dissolutions,

5. The total volumes of gas evolved during the dissolution of bare
and jacketed slugs were 110 and 130 liters, respectively, while the maxi-
mum gas rates were 1.0 and 1.7 liters/minute, respectively.

4.0 Recommended Operating Procedures

The dissolving of jacketed slugs involves three types of runs, viz,
one jacket, numerous regular, and two heel dissolutions. The dissolving
of bare slugs involves two types of runs, viz, numerous regular and two
heel dissolutions. The operating conditions can be found in Table L.0
on Page 10. The general operating procedure for all dissolutions is as
follows:

1. Add required number of slugs to dissolver (See Column A).




TABLE L.0

RECOMMENDED OPERATING CONDITIONS FOR

DISSCLUTION OF JACKETED AND BARE EBR SLUGS

A B c D
Type Nitric Acid| Time | Volume of Composition of
Type of of Slugs | to Metal of |Water to be Final Solution
Dissolution Run Charged| Dissolved | Run |Added at End Acid
Ratio of Run Uranium| Aluminum| Deficiency
No. Mole Hours M. M M N
Mole
Jacketed Jacket
Slugs Removal 18 3.5 1.5 150 0.25 1.95 0.6
Regular
Dissclutiod 9 3.8 3.5 L75 1.32 0,78 0.3
Heel Diss.
#1a 0 Lol L.5 600 2.10 0.00 0.0
Bare Regular
Slugs Diss. #1 27 349 4.5 L75 2,10 - 0.3
Regular )
Diss, 9 3.9 4.0 L75 2.10 -- 0.3
Heel Diss.
#1* O h.h hos 600 2.10 - 0.0

s#Add enough

acid to dissolve the equivalent of 11 slugs.

LETT-TNHO
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2. Add volume of water necessary to dilute the 70% HNO3 required
(See Column B) to 55%, or to LO% (jacket dissolution). 1In all
jacketed slug dissolutions 1% of the aluminum weight as Hg(NO3)p
is added to this water.
3. Heat dissolver contents to boiling with 25 psig steam.
L. With dissolver contents refluxing, add the required volume of 70%
HNO3 over a periocd of 5-10 minutes maintaining the system pressure
at atmospheric.
5, Dissolve for the required time (See Column C).
6. Add dilution required (See Column D) to give desired final solu-
tion composition, and cool dissolver contents,
7. Transfer dissolver solution to intermediate tank.
The second heel dissolution run is made like all others, except that
the same amount of acid used in tne first heel dissolution run is charged
and the run continues until all ﬁetal is dissolved.

5.0 Equipment Description

The dissolver system consisted of a full-scale sub-critical dissolver,
a down-draft single-pass condenser, nitric acid storage and feed tanks, and
a gas collecting tank., For a picture of tne system see Figure 1 on Page 12.
All process equipment and piping were of 3L7 (18-8Cb) stainless steel.

The dissolver was a cylindrical vessel L.03 inches in diameter and
16 inches high equipped with a flanged top, a slightly sloping flat bottom,
and a flanged 2 inch slug chute. The bottom half is jacketed for steam

heating, or water cooling. A perforated crash plate with a perforated

- T
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5.0 Equipment Description (continued)

bottom protects the various probes held by the flanged top and extending
to the bottom of the dissolver. These probes permit the removal, the
sparging, the measurement of temperature, the measurement of specific
gravity and liquid level, and the sampling of the dissolver contents.
For a close-up picture of the dissolver, see Figure 2 on Page 13. For
detailed drawing of dissolver, see Drawing D-10157 on Page 1l.

A 3/L-inch line connects the dissolver to the condenser which sits
vertically and consists of a l-inch pipe inside a jJacket of 13-inch pipe.
Water flows through the jacket. The unit was about 6 feet long and had
1.30 sq. ft. of condensing surface.

The feed tank was constructed from a 2-foot length of L-inch pipe
and was equipped with a sight glass. The calibration was 7.52 cc/mm.

and held about L liters of 70% HNO It had a top into which three lines

30
came. One was a vent, a second was connected to vacuum and a third to
the storage tank. The single outlet line ran to the vapor line, meeting
it about 1 foot above the dissolver. Valves in this line were located
just below the feed tank and just before the vapor line. A drain was
located upstream from the latter valve.

The gas holder and nitric acid storage tanks were identical. Their
capacities were 73.5 liters each and had a straight side calibration of
160 cc/mm. They were 18 inches in diameter and 18 inches on the straight

side, and were equipped with flanged tops and dished-head bottoms. The

tops held three $-inch nipples and two Z-inch nipples, with the middle
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$-inch nipple on the HNO3 storage tank being the only one to extend to the
bottom. This one was connected to the feed tank. Another 3-inch nipple
was equipped with a2 valve and funnel for venting and filling purposes.
The bottom was equipped with two $-inch nipples. One was connected to a
drain and the other to the sight glass, the other end of which led to the
middle %—inch nipple on the top. The middle nipple on the gas collector
acted as the gas inlet and tne top anchor of tne sight glass. Another
s-inch nipple acted as the city water inlet. One %—inch nipple was used
as a combination sampling port and impulse line for Hg manometer. The
third %—inch nipple was equipped with a valve for venting purposes. The
bottom outlets were connected to the sight glass and to a drain line which
ran to the first floor and a can,

The gas and condensate flowed co-currently through a l-inch line for
a short distance to a tee where the gas line narrowed down to $-inch as
did the reflux line. The gas line flowed upward through a loop which
held a vent line and a sight glass. A large line connecting to the roof
vent joined the loop just above the gas collector and a valve in the line.
This connection allowed venting toxic NQ, to the roof when necessary.
The reflux line continues on the same level until it is almost above the
reflux rotameter. A loop is then formed; one side of which is 2-inch
and the other %-inch holding a rotameter, A g-inch line ran from the
rotameter to the 2-inch nipple just above the dissolver,

Thermowells were installed to allow the measurement of the dissolver

contents, the vapors at the dissolver; the vapors at the condenser, the
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5.0 Equipment Description (continued)

liquid leaving the condenser and the cooling water temperatures in and out.
Sampling ports were located on the dissolver, on the vapor line above
the dissolver (liquid sampling), on the gas holder, and in the reflux line
at the rotameter.
Instrumentation consisted of a specific gravity manometer, liquid
level manometer and Brown potentiometeric multipoint temperature recorder,
and mercury manometers on the feed tank and gas ccllector.

6.0 Chemistry of Dissolution

Any discussion of data obtained during the experimental program must
be withheld until there is an understanding of the chemistry involved.
Available information shows that uranium dissolves by the following oxida-

tion=reduction reactions:

U + 6 NO3 + 4 Hy0 ——U0,™" + 6 NOp + 8 OB (1)
U + 2 NO3 + 2 HyO —U0," + 2 N0 + 4 0F (2)
8 U + 12 No3 + 14 H,0—>8 U0,"" + 6 N0 + 28 OH (3)

As well, aluminum with mercuric ion as a catalyst dissolves by the follow-

ing oxidation-reduction reactions:

Al + 3 O3 + 3 Hy0—AL"" + 350, + 6 0B (4)
AL + NO3 + 2 H0 — 1" om0+ b ooE” (5)
8 AL + 6 No; + 15 H;0 —8 A7 43N0 + 30 0B (6)
10 AL + 6 N0 + 18 H,0—10 AL™ + 3 W, + 36 oF €0

These reactions will take place provided there is a source of hydrogen ions
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6.0 Chemistry of Dissolution (continued)

present to neutralize the hydroxyl ions. This 1s done by the addition of
nitric acid. The dissolution process can continue after the hydrogen ions
present in the criginal nitric acid are used up. This is accomplished by

an additional tupply of hydrogen ions obtained as follows:

00, (B 0)5 | =—— vo, (om) (B30)yq |" + 2 (8)
A1 (H0), | =——=="(A1 (0m) (8;0),, |" + &’ (9a)
a1 (m0)_ (om)| ** == a1 (o), (B,0), 5]  + (90)

The presence of a down-draft condenser in the system allows the ab-
sorption of NO2 in the reflux which is returned to the dissolver. Its
reaction with water which promotes further absorption is as follows:

2 NO, + H0 —)ENO., + HN02 (10)

3
Heat in the dissolver will decompose the nitrous acid as follows:
3 HNO, ——————)m\ro3 + 2 NO + H20 (11)

7.0 Time of Dissolution for Jacketed and Bare EBR Slugs

The times of dissolution for jacketed and bare EBR slugs were 3.5 and
L.0 hours, respectively, to obtain a final solution 0.30N acid deficient,
with a 200 per cent uranium heel. The difference in dissclving times is
attributed to the fact that the hydrated aluminum ion hydrolyzes more
rapidly than the hydrated uranyl ion (See Section 6.0). This comparatively
short dissolving time is the result of these factors:

(1) The high ratio of surface area to weight.

(2) The 150 per cenl freeboard in the dissolver.
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7.0 Time of Dissolution for Jacketed and Bare EBR Slugs (continued)

Of these, the surface area to weight ratio was the most effective since
the dissolving reacticns are very surface dependent. The large freeboard
in the dissolver allowed boiling of the dissolver contents despite the
violent foaming which occurs.

The dissolution times for both types of dissolution could not pe
predetermined. As a result, the dissolving program involved using many
dissolution times until the proper lengths of dissolutions were found.
Their determinations were complicated by the fact that it was difficult
to maintain a 200 per cent uranium heel. With a higher heel the dissolu-
tion time is reduced, and with a lower uranium heel, the effect is opposite.
For dissolution times used and metal heels present in the individual runs,
see Tables 13.1.2 through 13.1l.6 on pages 30 through 3Le

The reported dissolution times are averages. The first runs proceed
less rapidly than later runs because the surface area increases slowly
with each succeeding run until it reaches an equilibrium value. (Assume
uranium heel remains constant). Not enough runs were ever made during
any one series to detemmine the equilibrium time of dissolution. However,
the reported average time was reasonably close.

The length of the jacket dissolution run in the dissolving of jacketed
EBR slugs was only 1.5 hours which was much shorter than that for the
regular dissolution runs. This is indicative of the fact tnat the rate of
reaction of nitric acid and aluminum is more rapid than that for nitric

acid and uranium.

~SEMET
SCREEEESESION



Sibaer
SER—O)

-19~ ORNL=1137

8.0 Nitric Acid to Metal Dissolved Ratio for Jacketed and

Bare EBR Slugs

The individual nitric acid to metal dissolved ratios for Series II
through V (jacketed EBR slug dissolution) and for Series VI (bare EBR slug
dissolution), can be found in Tables 13.1.2 through 13.1.6 on pages 30
through 3L4. The average nitric acid to metal dissolved ratios for Series
III through VI are shown in Table 13.1.l on page 29. These ratios are
dependent on two factors:

(1) Acid deficiency of the final solution.

(2) &fficiency of the down-draft condenser.

The effect of the acid deficiency of the final solution on the nitric
acid to metal dissolved ratio is shown in Table 13.1.3 on page 31. The
decrease in this ratio with increasing acid deficiency is the result of an
additional amount of uranium which can be dissolved through tne acid de-
ficient process [éee reactions (8), (9a), and (Sb) in Section 6.§] with no
additional nitric acid charged. In order to put the average nitric acid
to metal dissolved ratios given in Table 13.1l.1 on a comparable basis, the

following table is presented:

TABLE 8.0

Type of Series Average Nitric Acid to Metal Dissolved
Dissolution No. Ratio, Mole/Mole, at Acid Deficiencies of:

0.0N 0.2N 0.3N

Jacketed Slug IIT L.26 3692 3.77

Jacketed Slug v L. L,.06 3490

Jacketed Slug v 4.20 3.86 3.71

Bare Slug VI L.Lo 4.05 3.89
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8.0 Nitric Acid to Metal Dissolved Ratio for

Jacketed and Bare EBR Slugs (continued)

Even though the solution to be stored and later fed to the 251 Process
will be 0.2N acid-deficient, the gcal of the dissolving phase will be O0.3N
acid deficient. As a result, an adjustment of tie dissolver contents can
be made in an intermediate tank before storage. This effectively reduces
the nitric acid charged to tae dissolver. The average nitric acid to metal
dissolved ratio for all jacketed and bare EBR slug dissolutions was 3.79
and 3.89, respectively, at an acid deficiency of O.3N.

The nitric acid to metal dissolved ratios presented in Table 8.0 at
0.0N acid deficiency show that the down-draft condenser was not 100 per cent
efficient, for they are above the range of 3.5-4.0 predicted on the basis
of reactions given in Section 6.0 and of 100 per cent NO, absorption. This
fact is confirmed by results obtained on off-gas compositions (see Section
11.0).

The variation in the nitric acid to metal dissolved ratios for the
individual runs was caused by the following factors:

(1) Vvarying acid deficiency of final solution.

(2) Errors in uranium determinations.

(3) Unaccounted for nitric acid losses.

9.0 Vapor Temperature Relation with Completeness of

Dissolution of Jacketed and Bare EBR Slugs

The fact that the dissolution of jacketed, or bare, EBR slugs was

divided into two phases was clearly shown by observing the vapor tempera-

k-
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9,0 Vapor Temperature Relation with Completeness of

Dissolution of Jacketed and Bare EBR Slugs {continued)

ture at the top of the dissolver. The first phase was marked by the very
slow decrease in the vapor temperature, an indication of the drop in the
nitric acid concentration in the dissolver. Though the point at which the
second phase, which was marked by a constant minimum vapor temperature, was
difficult to determine exactly, it could be seen this temperature was
essentially that of water and indicated the acid-deficient phase of the
dissolving. (See Section 6.0, Equations 8, 9a and 9b). This phase lasted
about L5 minutes for jacketed EBR slug dissolution and about 1.5 hours for
bare EBR slug dissolution. The difference is attributed to the more rapid
hydrolysis of the hydrated aluminum ion than that of the hydrated uranyl
ion.

The vapor temperature was used as an operational aid during the ex-
perimental program. It is strongly recommended that it be used similarly
at the Idaho Chemical Processing Plant.

10.0 Volume of Water to be Added at the End of Runs Made on the

Dissolution of Jacketed and Bare EBR Slugs

The amount of water to be added tc the hot solution in the dissolver
at the end of a run was dependent on the type of run made. These volumes
are summarized in Table L.0 and are the result of trial and error determina-
tions. The purpose of these water additions is to insure non-freezing of
the solution upon cooling and to give the concentrations indicated in Table L.O.

In summarizing them, it is evident that for all runs except tne heel dissolution

SEShET
SECOMEIRD N
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10.0 Volume of Water to be Added at the End of Runs Made on the

Dissolution of Jacketed and Bare EBR Slugs (continued)

runs, a total molarity of 2,10 and an acid deficient normality of 0,30 is
desired (Volume ®£1680 ml.). 1In this way the dissolver solution can be
adjusted before storage in an intermediate tank tc a total molarity of 2.00
and an acid deficient normality of 0.20 (Volume = 1750 ml.).

11.0 Volumes, Rates, and Compositions of Gases Evolved During

the Dissolution of Jacketed and Bare EBR Slugs

For the individual runs made on the dissolution of jacketed and bare
EBR slugs (excluding jacket removal and heel dissolution runs), the off-gas
volumes, rates and compositions varied considerably for the following
reasons:

(1) The amount of nitric acid addition varied resulting in changes

in the amount of metal dissolved.

(2) Analyses of the gas samples were often in error.

(3) The absorption efficiency of the down-draft condenser varied.

To account for the variation due to these above factors, the follow-
ing table presents on a comparable basis the results given in Tables 13.1.2
to 13.1.6 for Series II through V (jacketed EBR slug dissolution) and
Series VI (bare EBR slug dissolution) and the gas compositions presented

in Tables 13.1.8 through 13.1.12 for Series II through Series VI:

ST
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11.0 Volumes, Rates, and Compositions of Gases Evelved During the

Dissolution of Jacketed and Bare EBR Slugs (continued)

TABLE 11.0
Type of Dissolution

Jacketed Sluga Bare Slugb

Al dissclved, mcles 1.3 3.0
U dissolved; moles 2.2 2.2
Total volume, liters 130 110
Mex. gas rate, liters/min. 1.7 1.0

Ave. gas composition, vol. ¢

%) - 89 a7

O, 6 10

N0 1.5 0
d

N, 1.5 0

dgxcludes jacket removal anc heel dissolution runs
bIncludes 21l heel dissolution runs
CCorrected for inerts, mainly N, introduced into system

dAssumed nitrogen percentage resulting from dissolution of aluminum

The presence of additional metal as aluminum in the dissolution of
jacketed EBR slugs causes tihe higher evolution rate and larger total volume
tnan the rate and total volume cbtained in the dissclution of bare EBR
slugs. The presence of NoO and N, in the gas evolved during jacketed EER
slug dissolutions was the result of reactions thet aluminum underwent with

nitric acid (See Section 6.0).
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11.0 Volumes, Rates, and Compositions of Gases Evolved During the

Dissolution of Jacketed and Bare EBR Slugs (continued)

The efficiency of the down-draft condenser is reflected in the NO,
content of the off-gas. In general, one can say that the efficiency was
reasonably good. The cause for the increased NO, content in the off-gas
obtained in the jacketed EBR slug dissolution over that in the off-gas ob-
tained during the bare EBR slug dissolution was possibly the fact that
more NO, was formed per unit weight of metal dissolved.

In this study, gas analysis data were the only clues wnich gave any
idea as to the mechanism by which aluminum and uranium dissolve. Jacket
removal runs EBR 19, 31, and 43 involved mainly the dissolution of aluminum.
The high content of N,0 and N, in the off-gas evolved during these runs
indicated that reactions (L), (5)s; (6), and (7) in Section 6.0 all take
place to an appreciable extent. The regular dissolution of bare EBR
slugs (uranium only) was different because N2O was notably absent in tne
off=-gas. Therefore, reaction (3) in Section 6.0 does not take place to
any appreciable extent.

In Section 7.0 the shortness of the jacket removal run (1.5 hours)
in the dissolution of jacketed EBR slugs was pointed out. The rapid rate
of aluminum dissolution was further confirmed by the fact that the‘first
77 liters of gas evolved during the jacketed EBR slug dissolution contained
appreciable quantities of N50, while the remaining volume contained little,
if any at all. The fact that the first gas portion (77 liters) was sampled
about one hour after the start of the run indicated that practically all of

the aluminum jacket had been dissolved by that time.

b
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12,0 Heel Determinations in Jacketed and Bare EBR Slug Dissolutions

In order to check the amount of uranium heel in the dissolver, heel
dissolution runs were made, The heel was calculated from the uranium
charged and from the uranium analyses of the solutions formed in the EBR
dissolver., In Series II and III tne difference between the actual and
calculated heel was appreciable, i.e., 10 per cent and L.5 per cent,
respectively, of the total uranium charged. For Series IV, V, and VI,
the differences between actual and calculated heels were 0.57, 0.60, and
0.60 per cent, respectively, of the uranium charged. The improvement in
the accuracy of the calculated heel was the result of more accurate uranium

determinations, better sampling techniques, and more samples.

EMS :mh E. M. Sampson,/ZJr.
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TABLE 13.1.1

DISSOLUTION OF EBR SLUGS -

' SUMMARY OF UNIT OPERATIONS TEST RUNS

-
e . -+
Gram Atoms of Nitrogen Final Solution
5‘\:{0 '§0 '§ Sg Campogition
8| 84 R AR E
3 & 8 = : o} o ola >
= . o b og o ,§ §. 4’3':3 g g - %
8 | ° ' 3| 3 |SBE| 4883 2| 5| B g | % 8 g
o £ B o4 m O N E = o D 2 0 [\ Tol 'E)l 4 § @ ol
Bl 5 | o |SAE|and|adEfad) BEE| 2 gd | 5| | < S g
oms Ny
SR | M 8|88 gEand) 87 g | A ol &
Nitrogen Moles Mgli Mglz M M N
2 | 12 | 135.50 | 72.33 | 56.21 | 2,27 | 5.82 | 136.63 | 38,1 | 3.56 | 3.59 | l.26 | 0.69 -.hé
w2 12 147.83 | 81,13 | 56.03 | 6.81 | 2,28 | 146.25 | 38.5 3.8L | 3.79 | 1l.26 | 0.7k -.3L
Ve, k| 39.15| 23.11 | 15.33 | 0.75 | 0.00 | 39.19 | 10.5 | 3.73 | 3.73 | 1.39 | O.7h | -.29
VI 8 70.42 | 33,71 | 35.56 | 1,01 | 0.26 69.54 | 17.4 4,0k k,00 2,06 - -.21

&mhis series involved dissolution of jacketed EBR slugs.
Drpis series involved dissolution of bare EBR slugs.
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TABLE 13.1.2

JACKETED EBR SLUG DISSOLUTION
SERIES IT RUNS

Full-scale sub=critical dissolver - 4" I.D. and 16" high
Down=draft single-pass condenser - 1.3 8gq. ft. = surface area
Dissolver steam chest pressure = 25 psig.

Initial nitric acid concentration = %0% (Jacket dissolution)

b =z 55% (regular & hesl dissolution)
Raflux flow T 30 cc/min.
o Metal Final Solution 2l @
Uranium Aluminum § 3 Dissolved Composition 'g % 3 E
. w + v H 2 % < g g | @ L
é o1 g '8 w ? § o g F% ® i g o 0.8 § =] g o ® 2 E g e
5858 B |3E5528 P ol9E% 5 | 8| B | Rl R O| B |-+ e
g & 5 3 | 2Hu T8 g P el 4y o L 8 g 3 8 o ‘g 3 ord LR
& 1878 & BN ETE 5 (BF° B | F | B 4B 3 HE | Be | 8
% ‘g o |~ /M o zi= | gla
. Mole | Molse
Moles | Moles | Moles | Moles | Moleg | Moles Hrs. | Moles | Moles | Molss M M N oI | wers
6PsC| 0.00 | 2.1A| 2,16| 0.00] 1.28| 1.2% [2-2/6| 4,00| 0.33| 0.89 | 0.24 | 0.77 | +0.65 | 3.39 | 1.30
7,41 1,83 | 2.8 ' 4,00 0.35| 1.23| 1.58|2-1/6 - 0.25 | 0.80 { 0.2% | 0.94 - - -
ad 3,76 | 2.18] 5.9% | 0,78| 1.19| 1.97|1-2/6| 7.93| 1.03| 1.15 | 0.48 | 0.53 |+1.85 | 3.6k | 1.26
h,90| 2,18| 7.08| 0.84| 1,17| 2.01|k=-5/6|12.50| 2,09 | 2.01 | 1.12 | 1.08 |+0.30 | 3.05 | 1.52
1088 u,66| 2,17| 6.83| 0,00 1.24| 1.24 |6 11,70 | 1.87 | 1.2% | 1.02 | 0,68 | -0.20 | 3.76 | 1.23
119,e} 5,30 | 2,18 | 7.48| 0.00| 1.22| 1.22]6 11,00 | 2,75 | 1.22 | 1.55 | 0.69|=0.38 | 2.76 | 1.31
12 L,73 | 2,18 | 6.91| 0,00] 1.25| 1.25|5-2/6|12.,20| 2.08 | 1.25 | 1.06 | 0.6% |+0.50 | 3.68 | 1.29
13 4,82 | 2,18 | 7.00| 0,00| 1.27| 1.27 |5-3/6|13.00| 2.43 | 1.27 | 1.29 | 0.67 | +0.50 | 3.51 | 1.32
14 %57 | 2,18 6.75| 0.00| 1.26| 1.26 |6 12,20 | 2,33 1.26 | 1.30 | 0,74 | +0.88 | 3.41 | 1.81
15 hh2 | 2,18 | 6,60 | 0.00| 1.24| 1,247 12,30 | 2,41 ] 1,24 | 1.39 | 0.731+0.95 | 3.3k | 1.59
16 ha19 | 2,18 | 6.37| 0.0 1.22| 1,22 | 6-3/6|11.80| 2,28 | 1.22 | 1.34% | 0.72 | +0.74 | 3.38 | 1.56
17f h.ig 0,0 h,10| 0.0 1.22 1.22 |6 6,10 | 1.70| 1.22 | 1.00 | 0.0 |+3.00 | 3.59 { 1.90 S
29 =
a(+), or (=), indicates exress H+, or OH" tied up in basic ion. ®Design charge in reflux line made 5
PDigsolver inspected and founl empty at beginning of run. after this run. -
SJacket removal runs. fDigsolver ingpected and found empty &

dpcid lost during run at end of run,



TABLE 13.1.3

JACKETED EBR SLUG DISSQLUTION
SERIES III RUNS

Full-scale sub-critical dissolver - 4" I.D. and 16" high
Down-drsaft single-passe condenser - 1.3 8q. ft. = surface arsa
Digsolver steam chest pressurs = 25 psig.
Initial nitric acid concentration = 40% (jacket dissolution)
55% (regular & heel dissolution)

Reflux flow ¥ 30 cc/min,

. 1 Metal Final Solution
Uranium Aluminum o Digsolved Camposition '8
' 8 - 2|8 Z% B
N " : ew | v | 28 | 58
s |85 3 | %2212 5 ¢ (%43 £ |S%| e | 8| & | 8|« |HE | A
= 383 g TASISEA ¥ |d85 5 | 28| 3 g ke S, <= | &lA
5 |88 ¥ |fuu|3&8| 4 |Sdw] ¢ | 2 308 | 8| B ey
== Bl C|TR|EE T8 A% | & 2| 8| 4 ZE - F
. © ol © P
A &l A g2 | BI2 | 9
Moles |Moles | Mocles | Molea | Moles | Moles Hrs, | Moles | Moles | Moles M M N nglz %Tglz’
19 0.00 | 4.38| k.38 | 0.00]| 2,49 2.49] 5-3/6 7.4 0.17| 2.0% | 0,11 | 1.26 |-1.30 | 3.31 | 0.97
20° b2l | 2,20] 6.1 045 1.28| 1.69|10-1/6| 11.6| 1.83| 1.69 | 1.08 | 0.95 |-1.15 | 3.39 | 1.k7
21 k.57 | 2.20| 6.77| 0.00 | 1.22| 1.22|10-1/6| 11.8| 2.57| 1.22 | 1.45 | 0.69 |-1.15 | 3.11 | 1.38
22 h.20 | 2.20| 6.40| 0.00] 1.22| 1.221105/6| 12.7| 2.41] 1.22 | 1,16 | 0,58 | 0.66 | 3.50 | 1.56
23 3,99 | 2.20| 6,19 | 0.00 | 1.21| 1.21{11 11,2 2,19 1.21 | 1.49 | 0.83 [-1.k7 | 3.28 | 1.60
2k k00 | 2,70 6,70 | 0.00 | 1.22] 1.22| 7-5/6 | 11.2| 2.19| 1.22 | 1,35 | 0.75 |-1.30 | 3.28 | 1.45
25 k511 2,191 6,80 0.00| 1.20 ] 1.21}5 12,1 ] 2,12 1.21 | 1.32 | 0.76 [-0.86 | 3.6k | 1.46
26 L,58 | 2,19| 6,77 | 0-00 | 1.24 | 1.24) k-2/6| 12,4 | 2,32 1.2k | 1.57 [0.78 |-0.35 | 3.49 | 1.55
27 L5 | 2,20 6.65] 0.00 ) 1.,19| 1.19] 3-4/6 8.2 1.97| 1.19 | 1.37 | 0.83 [-0.95 | 2.59 | 1.32
28 L,69 | 2.20| 6.89 0.00}| 1.16] 1.16] 3-3/6| 12,1| 1.9%| 1.16 | 1.09 |0.66 |-0.25 | 3.87 | 1.51
29 4,95 | 0.00] Lk,95| 0.00} 0.00] 0.C0| 3-3/6| 11.5| 2,67 0.00 | 1.60 e=  [+0.25 | k.31 | 2,19
304 2,281 0.00| 2,28 0.00| 0.00} 0,00} 5-2/6 5,81 1.19| 0.00 | 1.04 e= |+5,06 | k.89 | 2.12 O
1.09 ) g
a{+) or (-) indicates excess HY or OH tied up in CInspected dissolver--found all aluminum dissolved A
bagic ion dSecond hesl dissclution-=inaspected dissolver and &
Jacket removal run. Observed contents in dis- found it empty. -

solver--gome aluminum present.



TABLE 13e.1leh

JACKETED EBR SLUG DISSOLUTION
SERIES IV RUNS

Full-scale sub-critical dissolver - 4" I.D., and 16" high
Down-draft single-pass condenser - 1.3 s8q. ft. = surface area
Dissolver steam chest pressure = 25 psig.
Initial nitric acid concentration = 40% (Jacket dissolution)
55% (reguler & heel dissolution)

Reflux flow T 30 cc/min.

. o Metal Final Solution
Uranium Aluminum 5 Dissolved Compogition '§ g § o
o Pl 5
g - q o g | 9s | s[2
. gm B “.g)é ggm 3 “H58 5 o8 5 g g g @ 213 ala
S |HBa| ® |95 EBa| B |4E& % | £2| . 5 | 2| & NCE
4 O g P o O 4~ O é 42 G 1] <+ g g g + o ) | o]
o a4 L) S o e} O o o - ﬁ as] Ml @ & 'Ej'
S b g EQ' © 0] b o B O a = £ — £ — i) it Bl
5 0 © et 0 o /M o} < s} <t o4} O fal Ko i
b by &l == W
.
Moles | Moles | Moles | Moles | Moles | Moles | Hras. | Moles | Moles | Moles M M N Mole | Mole
Mols | Mole
31° | 0.00] 4.40| 4.ho| 0.00| 2.46| 2.46|2-3/6| 6.6| 0.12| 1.9 | 0.08 | 1.36 |~1,20 ' 3.18 | 0.71
3g¢ 4,28| 2.21| 6.49| 0,50 1.27| 1.77|3-5/6 | 12.3| 1.56| 1.77 | 1.05 | 1.16 [-0.17 | 3.72 | 1.k2
33 4,93 2.22| 7.15{ 0.00| 1,30| 1.30|3-3/6| 12,2| 2,01 1.30 | 1.18 | 0.76 |-0.37 | 3.67 | 1.50
3k 5,14 | 2,221 7.36| 0.00| 1,33 | 1.33 ]| 3-3/6 9.8 1,53 1.33 | 1.01 | 0.88 |-0.80 | 3.b2 | 1.28
35 5,831 2,22 8,05 0.00| 1.27| 1.27|3-3/6 | 12.7| 2.25| 1,27 | 1.13 | 0.6k |-0.17 | 3.59 | 1.k0
36 5.80| 2.21| 8,01| 0.00| 1.32| 1.32 |4 12,4 | 2,04 | 1.32 | 1.40 | 0,90 |~0.85 | 3.69 | 1.38
37 5,97 | 2.20| 8.17| 0.00| 1.31| 1.31{3-3/6| 13.5| 2.19| 1.31 | 1.38 | 0.82 |-0.53 | 3.86 | 1.38
38 5,98| 2.20| 8,18| 0,00 | 1.30|. 1.30|3-3/6| 13.3| 2.29| 1.30 | 1.27 | 0.72 |-0.45 | 3.70 | 1.56
39 5,89 | 2.20| 8.19| 0.00| 1.32| 1.32|3-3/6| 13.3| 2.57| 1.32 | 1.60 | 0.82 |-0.85 | 3.4L0 | 1.k6
ko 5.52 | 2.21| 7.73| 0.00| 1.30 | 1.30[3=3/6| 13.3| 2.27| 1.30 | 1.27 | 0.73 |-0.65 | 3.72 | 1.50
k1 5,461 0,00} 5.4 | 0.,00| 0.00| 0.00|6-5/6| 11.6| 3.04| 0,00 | 2.08 | 0,00 |+0.25 | 3.81 | 1.95
yed a,hi 0.00| 2.%2| o0.00| 0.00| 0.00|9-5/6 9.8| 2.28| 0.00 | 1.70 | 0.00 |+1.50 | 4.39 | 1.85 2
0.1 =
&(+) or {~) indicates excess H+or OB +ied up in CIngpected dissolver--found all aluminmm dissolved. &
camplex ion- dgscond hesl dissolution run. Inspected dissolver &
bJacket removal run. Observed contente in dis- and fourd 1t emptya =

golver-=gome aluminum present.



TABLE 13.1.5

JACKETED EBR SLUG DISSOLUTION
SERIES V RUNS

Full-scale sub-critical dissolver - 4" I.D., and 16" high
Down-draft single-pass condenser =~ 1.3 sq. ft., = surface area
Dissolver steam chest pressure = 25 psig.

Initial nitric acid concentratbn = 40% (Jacket dissolution)

Reflux flow ¥ 30 cc/min.

55% (regulsr & Heel dissolution)

A1 o Metal Final Solution
Uranivm wninum s .
5 Dissolved Camposition '§ o § o
© | 7 e | Sl
g q ? 2 = | =2 | Al
s |8 & g |%E2s|8 & g |%Hal B | 2% 8 | B |8 | B | o8| 5 |8
: i o o
= |Bgm| 2 |q9ESEgsl PlqES SRRl 4 | 8 |3 | % |28 |
f£i O £ ey & & O Lo o 0 o o ¥ Gl
21858 & |BEC|EFE| S(BES A | B | 5 | 2| & | 3| gHE |k
F g m ks ® M I = &l
& &
' . M N Mole | Mole
Moles | Moles | Molss | Moles | Moles | Moles | Hrs., | Moles | Moles | Moles M MeTe | TioTs
h3‘: 0.00 | .43 | L4.43| 0.00 | 2.58| 2.58 1-4/6 | 8,93} 0.18| 2,35 | 0.18 | 2,42 |-1.35 | 3.55 | 0.71
I y.25| 2.21| 6.46| 0.23| 1.29| 1.52]3-5/6|12.30| 2.11| 1.52 | 1,18 | 0.86 |=0,21 | 3,63 | 1.k2
L5 %.35| 0.00| %.35| 0.,00| 0,00 0.00|6-5/6| 9.09] 2.33| 0.00 | 1.96 | 0.00 | 0-00 | 3,89 | 1.75
16° 2,02} 0.00| 2.02}| 0.00| 0.00| 0.00|9-5/6| 8.87] 1.98| 0.00 | 2.22 | 0.00 | 0.00 | %.48 | 2.17
0.04
& Tacket removal run. Obaserved contents in dissolver--smeii awount of aluminum present
Ybserved comtents in dissolver--no aluminum present
C3econd heel dissolution run. terior of dissolver inspescted snd found empty at enmd of this run.

-Zg.—
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TABLE 13.1.6

SERIES VI RUNS

Full-scale sub-critical dissolver ~ 4" I.D. and 16" high

Down-draft single-pass condenser - 1.3 sq. ft. & surface area
Dissolver steam chest pressure = 25 psig.

Initial nitric acid concentration = 55% (regular and heel dissclution)
Reflux flow = 30 cc/min. & :

Ureni o Fingl Solution
anium ol &= Composition 3B al®
LS| 9 3 ] 815
E4 Q 0] o] Q
2 B | 1 0 .3 | A . Ha | Al
5 s 1) 4&.'5 ? g‘ o .3 w A § o 2: (= o] [
= E‘ g [a ] b [ X g ord (5] o)
HE 3 H o ~ D g o0 ol udg
gl8%2 | 6 | Bdw| % |2 |8 | B | 5 | #i| &
“ =8 5 5 B EE | g3
Mol Mol
Moles Moles Hours Moles Moles M N Wﬂ% MBI%
7 6.64 6.64 4-3/6 8.52 2,06 1.84 0.00 4,14 2,00
48 2,21 6.79 5-1/6 1.4 2,80 1.89 -0, hk 4,07 1.96
ko 2,21 6.20 L-2/6 8.52 2,32 2,25 -0.15 3.68 1.98
50 2,21 6.09 5 8.76 2,31 1.97 -0.55 3.79 1.98
51 2,21 5.99 b 6.58 1.64 1.98 -0.35 Ik, 06 1.98
52 1.95 6.26 l 6.58 1.77 2.30 -0.76 3,72 1.87
53 0.00 k. ko 4-2/6 10,48 2.5h 2.10 +0,02 4,05 1.92
54b 0.00 1.95 11 9.31 2,03 2,02 +0,23 4,61 2,06

8(+) or (-) indicates excess HElor OB tied up in complex ion.
PDigsolver inspected and found empty at end of rum.

-Eg—
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SRS TABLE 13.1.7 ~34~

e .  NITEOGEN MATERIAL BALANCES. FOR DISSQLUTION OF EBR SLUGS  ORIL-1227
Gram Atoms of Nitrogen
In HNOj3 " n

R In NO m i In HNO Total
33;;:5 Nuﬁbm; Charged In 3 Evolved | Gas Seal and . Leaving
T lavam atoms |Solution Gases Water HNO, in System

of Nitrogen Solution

1179 19 7435 5,01 2,1k 0,12 - 7.27

20 11.62 6.51 5,19 0,34 - 12,0k

21 11.79 6,77 5022 0.15 e 12,14

22 12,74 7.11 5.67 0,03 - 12,81

23 11.19 5.88 5.46 0.03 - 11,37

2L 11,19 5.9 h.93 0.03 e 10,91

25 12,12 6.49 4.88 0.32 - 11,69

26 12.39 TeT9 5603 0.1k - 13,46

27 9,96 €.18 k16 0.93 e 11.27

28 12,06 6.96 4,70 001k - 11,80

29 11.50 5035 5,81 0.03 o 11,19

30 11,59 2,38 2,52 0,01 5,82 10,68

Total 135,50 72,33 56.21 2,27 5,02 136,63

vd 31 6.62 4,37 147 | 0.61 - 6.45

32 12,29 8.06 4,73 0.26 - 13,05

33 12,17 7.26 4,98 0,12 . 12,36

3k 12,42 5.86 3.66 2,738 == 12,25

35 13.k2 8.02 h,o2 0,890 we 13.83

36 13.54 6.78 L.65 1,31¢ e 12,74

Sg 13,20 7,26 L.83 0,25 - ie°5i

3 13.25 7665 559 0,10 -e 303

39 13025 707)4‘ 5069 0917 - l3o€30

40 13.25 7.26 5.36 0,05 oo 12,67

RN e U W B

o [ L 0 20 03

Total 147.83 81.13 56,03 G.oL 2,28 146,25

vd 43 8.93 6.08 1.80 0.09 -- To97

Ly 12,26 8.42 5015 0,06 - 13.63

k5 9.09 4,66 4,08 0.3k - 9,08

46 8,87 3.95 4,30 0,26 - 8,51

"1 Total 39,15 23,11 15,33 0.75 e 39,19

vIe L7 8.52 k.12 b1l 0,20 - 8,43

418 11.h1 5059 5,48 0.10 -- 11,17

49 8.52 4,63 L 47 0.13 - 9.23

50 8.76 4,61 3.89 0,12 -- 8.62

51 6.58 3.2k 3,26 0,20 oo 6,70

52 6.58 3.5k 3.30 0,05 - 6.89

53 10.51 5,08 4,88 0,06 0,03 10,05

5k 9,54 3,90 4,17 0.15 0.26 8,48

Total 70.42 33.71 35.56 1,01 0029 69.57

82,60 mols HNO3 lost during dissolver surge.
b0,76 mols HNO3 lost during dissolver surge.

31,19 mols HNO3 lost during dissolver surge. w
This series involved dissolution of jacketed slugse

©This series involved dissolution of bare slugs. m
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TABLE 13.1.8

JACKETED. EBR SLUG DISSOLUTION

SUMMARY OF GAS ANALYSES - SERIES II

Gas Composition, Volume Per Cent
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TABLE 13.1.9
Gas Campogition, Volume Per Cent
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SUMMARY OF GAS COMPOSITIONS - SERIES III
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TABLE 13.1.10

JACKETED EBR. SLUG. DISSOLUTION. .

SUMMARY OF GAS ANALYSES - SERIES IV
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TABLE 13.1.11
JACKETED EBR SLUG DISSOLUTION
SUMMARY OF GAS ANALYSES - SERIES V
Sample Gas Composition, Volume Per Cent
No. NO NOo Ccoo (o) NoO co Hp Ny
EBRL3A 5549 Ok 0.8 0.3 19.4 0.0 7.6 15,6
Lha 88.7 0.0 0.7 0.4 2.9 0.0 0.1 7.2
4B 85.8 4,1 0.7 0.7 0.3 0.3 0.0 8.1
)4'5A 93.9 601 - - bl - - -
458 31.3 15,2 0.8 0.3 0,0 0.5 0.0 51.9
hea 64,1 15.6 0.8 0.3 1,0 0.0 0.0 18.1
h’éB 82.5 1300 108 - - - - 2.7
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TABLE 13,1.12

BARE EBR SLUG DISSQLUTION

SUMMARY OF GAS ANALYSES - SERIES VI
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13.2 Sample Computation for

Jacketed EBR Slug Dissolution -

Run No. 37
Uranium
Uranium remaining fram previous run
Uranium charged to dissolver = 524.0 gms,
Uranium in dissolver &t beginning of run
Aluminum
Aluminum remaining from previous run
Aluminum charged to dissolver = 35.4 gms.
Alwnminum in dissolver at beginning of run

Nitric Acid Used

Nitric acid charged = 118 x 7.52 x .690 x

\mm ce/rm

= 13.5 moles

Nitric acid used

= 13,5 - 0
= 13.5 moles
Metal Dissolved
Uranium = 11_2_8 x 1.59 & 2.19 moles
23 ’
Aluminum*  35.L4 = 1,31 moles

27.0
Nitric Acid Used to Metal Dissolved Ratio

Ratio = 13.5 s 13.5 -
2,19 + 1.31 3.50

= 3.86 mole/mole

*Assume that all aluminum goes into solution.

ORNL-1137

5.97 moles
2.20 moles
5.17 moles

0.00

1.31 moles
1.31 moles

1, x 1
3 3.0
_.jﬁbn/cc 67 gm/mole

nitric acid charged - nitric acid remsinng

F
Y
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13,2 Sample Computation for

Jacketed EBR Slug Diss oluti{on -

Run No. 37 (contlnued)

Nitrogen in Gas to Metal Dissolved Ratio

Ratio = %‘_g%% % 1,38 mole/mole

NO“3’ in Dissolver Solution

Meximm NO3 as U02(N0 )Jo = 1.38 x 1,59 x 2.00 = 4,39 moles
Maximum NO3 as Al (N03)3 = .82x1.59x 3,00 = 8.21 moles
+30 moles

Less OH equivalent to NO3 = .53 x 1.59 .8l moles
T.46 moles

Nitrogen in Gas

"A" 78,4 liters at 743 mm. Hg and 29°C
"B it 54 6 ki 3] 114 bl i ”

"A" moles = ]2_2_.:1’% X Z{%% x _g%%
"B" moles = 2%{_,:,?-_ x %ﬁ% " g%% - 2,09

3.09

I'AM
N = 3,09 % 1,00 x ,903 = 2,79
NOop = 3.09 x 1,00 x 014 = Ok
M0 = 3.09 x 2,00 x 029 = ,18
M = 3,09 x 2,00 0 = 0
3,01 moles
ﬂB"

Semple lost = assume NO +NOp = 90%
2,09x0,900 = 1,82 moles

Total Nitrogen in Gas = 3.01+ 1.82 4,83 moles of Nj

Nitrogen In Water '
No semples., Estimated figure = .25 moles :
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13,3 Sample Computation and Table Showing the Effect of

Acid Deficiency on Nitric Acid to Metal Dissolved Ratio

Assumptionss
(1) Reaction (2) given in Section 6.0 represented the net reaction during

the acid deficient phase of dissolving (All NO2 is absorbed with the
evolution of NQ).
(2) 2,20 moles of uranium and 1.30 moles of aluminum were dissolved to give
a final volume of 1.75 liters.
Using a ratio of L.30 for the nitric acid to metal dissolved at O,ON acid deficiency,
determine the ratio at 0.2N acid deficiency.

Acid Deficient (OH‘) Equivalents = 1.75 x 0,200 = 0,350

Ratio of QH to uranium dissolved = L.00 moles/mole
.350.
Uranium dissolved = %-(3)—(5)—-=O.0876 moles

Ratio of HNOB to metal dissolved = 7 -L:-.?ga']é = 1%0&332 =3.95 moles/mole

This calculation was repeated to obtain the following table from which conversions

can be made:

TABLE 13.3

Nitric Acid to Metal Dissolved
Ratios, Mole/Mole, at Acid Deficiencies of:

oN .1 ¥ 0.2 N 0.2 ¥ Qb N
L4460 Lol 423 4.07 3.92
L.50 Lo31 L.l 3.98 3.83
LeLO Le22 L.05 3.89 3.74
430 L.12 3.95 3.80 3.66
L.20 L.02 3.86 3.71 3.57

L.10 3493 3.77 3.62 3.L9
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13.L4 Qperating Instructions for

43— ORNL-1137

Experimental EBR Slug Dissolver

START UP
l. If necessary, turn on nitrogen bleed.

2. Charge 9 jacketed slugs (or 18 for jacket dissolution run, or none for
heel dissolution run) through slug chute.

3« Turn on multipoint temperature recorder and set chart so that a numbered
line coincides with the quarter-hour.

L. Drain water from condenser shell. Then close the drain valve.
5. Open vent valve in gas line immediately above reflux line.
6. Fill gas holder full of water.

To Putl designated volume of water into the dissolver (volume will depend on
type of dissolution run).

8. Shut off nitrcgen by closing the two header valves, the two manometer
by=-pass valves, and the three lead valves at the dissolver, in that order.

9. If necessary, fill nitric acid head tank and record liquid level.

NOTE: Steps 10 and 11 are applicable only if aluminum is to be dissolved, i.e.,
in jacket removal and regular dissolution runs used in the dissolution of
jacketed EBR slugs.

10. Weigh out about 0.3 gnm. Hg(NO3) (or 0.6 gm. Hg(NO )2 in case of jacket
removal run), and place it in hﬁ ml. of H20 held ig a 50 cc graduated
cylinder.

1l. Add nitric acid to the Hg(NO3), and HpO mixture and bring the volume to
50 cc by opening acid line drain valve.

12. Check all valves for proper positioning.
13. Make sure can is below water outlet of gas holder.

14. Making sure water is off the dissolver jacket, turn on steam and adjust
its pressure to 25 psig.

15. When gas line at bottom of condenser begins to get hot, add the acid
Hg(NO;)o solution, immediately close the open vent valve, and crack the

condefiser water valve.
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. 13<h Qperating Instructions for Experimental EBR Slug Dissolver (continued)

16, Charge slowly from the HNO-; head tenk a designated amount méintaining a slight
vacuun on the system. Record final liquid level,
17. Adjust condenser water flow to a rotameter reading of 1.04(1.00 gpm).
18. Maintain a slight vacuum, or pressure on system by controlling water flow out
of gas holder.
SHUT DOWN
1. Shut off steam to dissolver Jacket. Turn on cooling water to dissolver Jacket.
2, Isolate gas holder. Adjust ges holder pressure to zero. Record final liquid
level.
3. Open vent valve to roof,
L, Semple gas in holder,
5« Open vent valve on top of holder.
6. Drain remaining water from holder. Sample water every time w;a.tér fills can and
record liquld level.
T Close vent valve on top of holder. Open valve in gas line at holder.
8. Fill gas holder full of water.
9. Cloge valve in gas line at holder and open vent valve on gas holder.
10. Drain water entirely from holder.
11, Fill holder to 570 mm, mark with water.
12, Open valve on top of holder and close vent valve to roof.
13, Turn on nitrogen to manometers and record liquid level and specific g:;avity
reedings, when temperature of dissolver is 60°C.
14, Add a designated volume of HoO to dissolver and heat dissolver toc boiling.
15. Cool dissolver to 25° C,
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13.k , Operating Instructions for Experimental EER Slug Dissolver (continued)

16,

17,

18.

19.

20,
21.

e2,

Record liquid level and specific graviiy readings.

Pull contents of dissolver out by evacuating a 4-liter suction flask connected
to vacuum.

Pour the final solutidn into a graduated cylinder (at least 2-liter). Record
the volume and sample after stirring effectively.

Pour this solution into 20-liter bottle, recording net weight before and after
its eddition.

Stir contents effectively and sample.
Shut off the temperature recorder.

Cloge valve in acid line at the vapor-gas line.



