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INTRODUCTION

The BFEC Nuclide Mass Spectroseter is used to analyze samples for the
isotopic composition of gases with automated data aquisition and reduction of
He, Ne, Ar, Kr and Xe. The mass spectroseter can be operated in a manual
sode or driven by a HP9B825 computer. Raw data from cosputer runs is stored
on cassette tape by the HP9825 for later transfer to the HP-1000 computer

for data reduction using CHOMP and FILER. The reduced data undergo futher
sanual calculations to arrive at data values that say appear in ONWI-NWTS
reports or other technical papers. A schematic overview of the systea is
illustrated in Figure 1.

Bas samples are adaitted to the sample handling system (see appendix A) and
expanded to various parts of the system. Samples may be analyzed directly
or say he mixed with an isotope dilution spike befare analysis. The options
are many and varied.

The overall objectives of this type of analysis are described in publications
by Reynolds (1954}, Dalrymple and Lanphere (1949), Podosek (1970), Schaeffer
and lahringer (1966), and Zaikowski and Schaeffer (1979). Particular
attention should be paid to the Kirsten {1966) paper in Schaeffer and
lahringer and 3 paper by Mazor et al (1970), Use of the procedures described
herein requires, at a minisum, a rather thorough understanding of the
foregoing publications.

Figure 1 Schaatic of Sample Processing from 6as Phase to Report
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0t Calibration for Discrisjnatjon or Abundance

1.0 Purpose
The purpose of this procedure is to define the aethod used for
calibration for discrisination or abundance of heliua, neon, and
argon,

2.0 Definitions

The nosenclature used in this procedure is explained in greater detail
in Appendix B.

3.0 Procedures
3.1 Heliue
1. Evacuate intervening voluse froa reservoir
2. 1lsolate system from pusps (1 ain.)
3. Admit aliquot froa ¥He - *He or JHe reservair (2 ain.)

4. Record nuaber of aliquots and reservoir in Mass Spectrometer Log
Book. (See Table 1 for a list of the iteas to record.)

S. Install LNa on Charcoal Trap No. 2 (10 ain.)
6. Isolate the gas in mass spectroseter (2 - S ein.)

7. Measure heliua and/or helium isotopes

1. Evacuate aliquot "D*
2. Isolate system from puamps (1 sin.)
3. Adeit aliquot of air via aligquot "D" (3 - 5 ain.)

4, Record pressure fros Baratron®™ or Hg gauge and nueber of aliquots
of "D" in Mass Spectrometer Log Book.

5. Getter to 10V (10 - 15 min.)

6. Getter to 5V: install LNz on Charcoal Trap No. 2 (5 sin.)
7. Getter pff (10 - 20 amin.)

8. Isclate the gas in mass spectrometer (2 - 5 min.)

9. Measure neon isotopes with regular or high sghsitivity
electronmeter
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3.3 Neon - with argon reaoval -
1. Evacuate intervening voluse of aliquot *"D*
2. Isplate systea fros puasps (! ain.)
3. Admit aliquot of air via aliquot "D (3 - 5 ain.)
4. Record pressure froa Ba};tron' ;r Hg gauge and nuaber of aliquots of
*D* in the Mass Spectroseter Log Book. )
S. GBetter to 10V (10 - 15 ain.)
6. Getter to SV; install LNy on Charcoal Trap No. 2 (5 min.)
7. Getter off (10 - 20 min.)
8. Isplate gas in V.
9. Evacuate 1/2 V., using lon Puasp; remove LNz fros Charcocal Trap No. 2
(20 - 30 ain.) -
10. lIsolate 1/2 V., from lon Puap (1 - 2 min.)
11, Expand gas fros V. to 1/2 V.., install LNa on Charcoal Trap No. 2
{20 ain.)
12. Isolate the gas in mass spectroseter (2 - 5 ain,)
13. MHeasure Neaon isotopes'uith regular of high sensitivity
electrometer
3.4 Argon
1. Evacuate intervening voluse of aliquot "D*
2. lsclate system from pusps (1 ain.)
3. Admit aliquot of air via aliquot *D* (2 ain.)
4. Record pressure froa Baratron® or Hg gauge and number of aliguots of
“D" in the Mass Spectroseter Log Book.
S. Getter to 10V (10 - 1S ain.)
5. bGetter to SV; install DI on Charcoal Trap Neo. 2 (5 ain.)
7. Store portion of gas in V, or isolate full fraction in mass
spectrometer and measure argon
B. For portion of gas stored in V, only:

a. Isolate gas in V,; evacuate Va and 1/2 Vaa (5 ain.)

UNCONTROLLED
DOCUMENT
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b. Isolate systea from puaps (! ain.)
c. Expand gas fros V, to 1/2 Vs or Va ¢ §1/2 Vo, (2 ain.)
d. Isolate gas in eass spectroseter (2 - 5 ain.)

" e, Measure Argon
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02 Gasple Analygis - qas phase golits
1.0 Purpose
This procedurs explains the steps used to analyze gas phase splits.

2.0 Definitions

The nosenclature used in this procedure is explained in greater detail
in Appendix B.

3.0 Procedures

Samples in the gas phase can be interfaced to the sanifold voluse (Va) either
at V., or aliquot “D*. Install and leak test sasple cylinder connections (see
Appendix B for procedure).

3.1 Helium analysis

1. Evacuate intervening volume of saaple aliquot voluee and, if
appropriate, isotope dilution aliquot (3 - § ain,)

2. Isolate system froa pumps (! min.)

3. ARdeit isotope dilution spike(s) (if measuresment is by isotope
dilution) (3 - 5 min.)

4. Adait aliquot of sample (V4 or “D*) (3 - 5 ain.)

S. Record nusber of spike(s) and reservoir (if used) and number and name
of saaple aliquot used in the Mass Spectrometer Log Book.

6. Getter to 10V (10 - 20 min.)
7. Getter to 5V (5 - 10 min.)
8. 6Getter off; install LNz on Charcoal Trap No. 2 (20 sin.)

9. I+ neon will be measured in same mixture, then isglate V. from
1/2 Vea (1 ain.)

10. Isolate gas from either 1/2 Vgs or V, in mass spectroeeter
11, 14 gas from V, isg ee;sured

a. Isolate gas in V; (2 ein.)

b. E{acuate 1/2 Ve 0F 1/2 Vgu + Va (5 pin.)

c. lsolate systea fros puaps (1 ain,)

d. Expand gas from V, to 1/2 Vae OF 1/2 Vee * Va (2 ain.)

e. Isolate gas in mass spectrometer (2 - & ai

w
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12.
3.2 Neon
i.

2.

3.

10.
11.

3.3 Neon

SPECTROMETER PROCEDURES CONTROLLED DOCUMENT

Heasure heliue
analysis (froa V, storage following helius)
Evacuate helium fraction froe sass spectrometer (3 ain.)

Check that V., has resained isclated; isclate V, fros systenv(2-
ain.)

Remaove LNa from Charcoal Trap No. 2 (1 ain.)!
Evacuate 1/2 Vqo (10 - 20 ain.)
Isolate 1/2 Voo from lan pusp 1 min.)

1¥ additional clean-up is necessary, perfora the fallawing
(otherwise skip to step 7)

a. Getter to 1OV (1 wmin.)

b. Expand gas froa Vo to 1/2 V,e (10 min.)

c. Getter off (5 ain.) .

Expand Va to 1/2 V,u {1 &in,)

Install LNa on Charcoal Trap No. 2 (15 - 20 ain.)

Isoclate the gis in-lass spectronetér (2 ain,)

Isclate Vo froa 1/2 Vu. (aoptionall {! ain.]

Measure neon with regular or high sensitivity electrometer

analysis

Evacuate intervening volume of sample aliquot volume and, if appropriate,
isotope dilution aliquot

Isolate systea froas pumps (1 min,)

Adeit isotope dilution spikels) {if seasurement is by isotope
dilution) (3 - 5 ain.)

fdmit aliquot of sample (Vg or “D") (3 - 5 ain.)

Record number of spikes and reservoir {if used) and number ana name
of sample aliquot used in the Mass Spectroseter Log Book.

Getter toc 10V (10 - 20 ain.)

Getter to SV (5 &in.)
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3.4

10.
11.

Argon

SPECTRONETER PROCEDURES CONTROLLED DOCUMENT

Install LN2 on Charccal Trap No. 2; getter off (20 sin.) -

With argon separation, perfora the following (otherwise skip to
step 10}

a. lIsolate V., fros 1/2 Vu,e (1 min.)

b. Reaove LNz from Charcoal T}ap No. 2 (1 ain.)
c. Evacuate 1/2 Voo (15 ~ 20 ain.)

d. Isclate 1/2 V. from lon Puap (1 ain.)

e. Exﬁand gas from Vo to 1/2 Vea (2 min.)

f. Install LNa on Charcoal Trap No. 2 (15 - 20 ain,)

Isolate gas in mass spectrometer (2 - 5 ain.)

Measure neon with regular or high sensitivity electrcaeter
analysis

Evacuate intervening volume of saeple aliquot volume and, if
appropriate, isotope dilution aliquot.

Isolate syster fros pusps (1 sin.)

Adait isotagpe dilution spike(s) (if measurement is by isotope
dilution) (3 - 5§ ein.)

Adait aliquot of sample (V, or *"D*) (3 - 5 ain.)

Record number of spikes and reservoir (if used) and nuamber and name
of saaple aliquot used in the Mass Spectrometer Log Book.

Getter to 10V (10 - 20 ain.)
Getter to SV (S min.)

Getter off; install LNa an Charcoal Trap No. 2 (20 ain.)

" Evacuate helium-neon fraction from 1/2 Vee + Vo (5 ain.)

Isolate system from pumps (1 min.)
Reeove LN; froa Charceal Trap No. 2 (10 ain.)
Instail DI on Charceal Trap No. 2 (10 min,)

If only V, is measured, perfore the following (otherwise skip to
step 14}

a. Isvlatz gas in V¢ (2 ain.)




"BFEC MASS SPECTROMETER PROCEDURES CONTROLLED DOCUMENT

b, Evacuate 1/2 Voq + Vo (5 ain.)

c. Isolate systea froa puaps (1 ain.)

d. Expand gas from V, to 1/2 Ve + V. (5 ain.)
14, lIsolate gas in mass spectrometer (2 - 5 ain.)

15. MHeasure argon
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_Page 82

3.5 Sequence for all five noble gases

1.
2.

3.

4.

5.
6.

7.

8.
9.

10.

11.

12,

13.
14,

18.

16.
17.
18.
19.

Assemble sample cylinder to system as shown below (Fig. la).

Evacuate system using fore vacuum pusp and check for vacuum
integrity.

Bake cold trap, He-Ne-Ar storage cylinder, charcoal trap, and
expansion cylinder (>100°C).

Isolate system (close Vp) from fore vacuum system and evacuate system
(<10-6torr) on turbo pump via mass spectrometer sample system.

Terminate baking of system.

Evacuate aliquot volume used for introduction of {sotope dilution
spike gas.

Close valves to aliquot volume V.,
Close Vp and add aliquot(s) of 1sotope dflution spike gas.
Install 1ce bath (0°C) on expansfon cylinder.

Open valve on fluid sample to expand dissolved gases to vacuum
system.

Heat fluid sample to 100°C. Note - 25 cc cylinders require
approximately 20 minutes of heating, copper tube samples
approximately 10 mfnutes, and large, thick walled, 675 cc containers
approxfimately 1 hour. Record isotope dilutfon informatfon in Mass
Spectrometer Logbook.

Terminate heating of fluid sample and install {ice bath (0°C) on
sample cylinder.

Close valves to He-Ne-Ar storage cylinder and Kr-Xe storage cylinder.

Install ice bath (0°C) on cold trap. Remove fce bath from sample and
expansion cylinders.

Open Y, and allow residual water vapor to condense (requires
approximately one-half hour).

Close valves to fluid sample, expansion cylinder, and Y,,
Install dry ice on charcoal trap for Kr-Xe storage cylinder.
Expand gas to He-Ne-Ar storage cylinder.

Expand gas to Kr-Xe storage cylinder and open valve to charcoal trap.

8a
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Sanple Analysis Page 80
20.

21.
22.
3.

24,
25.
26,

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Expand aliquot(s) of Y. for 3Ho/4He measurements using Procedure 02,
3.1, without additional isotope dilutions.

Close valves to Kr-Xe storage cylinder.
Remove dry {ice and allow Kr-Xe to fi11 25cc storage cylinder.

Expand aliquot(s) of V. for 40Ar/38Ar/36Ar measurements using
Procedure 02, 3.4, u1t§out additfonal isotope dilutions.

Warm charcoal trap to 60°C (15 min.),
Close valve between Kr-Xe storage cylinder and charcoal trap.
Use one of the following optfons for Ne measurements.

(1) Remove the He-Ne-Ar storage cylinder and use Procedure 02, 3.3,
without additional isotope dilution.

(2) a. Install LN, on cold trap.

b. Expand gas bound by V, and V. to mass spectrometer sample
systems,

¢, Measure Ne using Procedure 02, 3.3, without additional
{sotope dilution,

Remove Kr-Xe storage cylinder and assemble to interface with ¥m (see
Appendix A).

Evacuate intervening volume of sample aliquot.
Isolate system from pumps.
Admit alfquot(s) of sample gas.

Install dry ice on charcoal (20 min.).

.Pump system to remove residual argon and {solate system from pumps.

Remove dry ice from charcoal.
Getter to 10V (10~20 min.).

Getter off (10 min.).

Isolate gas 1n mass spectrometer.
Measure Kr (masses 82, 83, 84, 86),

At completion of Kr measurements, pump system to <107

8b
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Sample Analysis Page 8¢

39. Isolate system from pumps,

40, Admit aliquot(s) of sample.

41. Install dry idce on charcoal (20 min.).

42, Pump system to remove residual argon and {solate system from pumps.
43. Remove dry {ice from charcoal and warm to approximately 50°C.

44, Getter to 10V (10-20 min,).

45. Getter off (10 min.).

46. Isolate gas in mass spectrometer.

47. Measure Xe (masses 128, 129, 131, 132).

48. Pump system at completion of Xe measurements.

45, Remove fluids from sample container and expansion volume, complete
sample custody forms and archive samples.

Ya. aliquot volume Ve ]
Q- . =S samp it
e system
aliquot
Vo:uu vp : Kr-Xe storage
cylinder
fors vacuum c01d  He-Ne-Ar
fsotope trap  gEoTage charcoal
tr
d%lution Eyiinder »
spike gas expansion

fNuid sample cylinder
Figure la Schematic of System for Doing A1l Five Gases

3.6 Neon anaT&sis using He refrigeration

1. Isolate He refrigeration charcoal finger and start to cool 1t
down to 30°K. '

2., Follow appropriate separation and spike proc
(reference Sections 02, 03, and 04).

NCONTROLLED
* U ocumens
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Sample Analysis Page 84
3. Admit aliquot or full fraction of the sample (3-5 min),
4. Place LN, on charcoal No. 1 (10-15 min).
S. Set getter to 10v (10-20 min).
6. Set getter to 5v (5 min).
7. Expose sample to He refrigeration charcoal' finger at 30°K,
Getter off (15 min),
8. If He analysis 1s desired, perform the following (otherwise skip
to step 9):
a. Isolate He refrigeration charcoal finger.
b. Isolate charcoal No. 1 (1 min).
c. Place LN, on charcoal No. 2 (15 win).
d. Turn down HY, then admit He fraction into the mass spectrometer
(2-5 min).
e. Turn up HY and analyze He.
f. Record conditions for the analysis in the mass spectrometer log-
book,
g. Evacuate gas from mass spectrometer and remove LN, from
charcoal No, 2,
9. Evacuate V.. and He refrigeration charcoal finger, making sure that
the He refrigeration charcoal finger 1s still at 30°K,
10. Isolate Vg, from pump (1 min).
11. Allow He refrigeration charcoal finger to warm up to 77°K (15 min).
12, Place LN, on charcoal No. 2. Turn electron voltage to 45v,
Turn HY up (15 min).
13. Turn down HY, then admit Ne fraction into the mass spectrometer (2-5
mnin).
14. Turn up HV and aninze Ne.
15. Record conditfons for the analysis in the mass spectrometer logbook.
16. Evacuate V.. and mass spectrometer, ‘

UNCONTROLLED
" DOCUMENT
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This procedure presents the steps taken to separate the gas phase (splits)
fros fluid sasples. Once separated, the gas phase is analyzed as in
section 02, Saeple Analysis -~ gas phase splits. Actual conditions used
will be noted in the Mass Spectrometer Laboratory Notebook and/or the
Saaple Measureasnt Notebook.

2.0 Definitians

The nosenclature used in this procedure is explained in greater detail
in Appendix B.

3.0 Procedure

3.1 Saall volume fluid samples

1.

10.

11.

e
-

On portion V,; of the system, install and leak test the fluid sasple
cylinder, expansiaon cylinder{s),; systes blank cylinder (if used),
and necessary fittings.

Perfora volume determinations

Isolate Vi froa Viee (1 ain.)

14 no systea blank is taken, skip to step S

a. Allow evacuated gas expansion syster to stand static (2 ain.)

b. Isolate system blank cylinder from gas expansion cylinder(s) .
(1 min.)

Close valve to expansion cylinder(s) then apen 1/4 to 1/2 turn
(f ain.)

Wrap heat tape around fluid sample cylinder and thersoccouple probe;
then wrap all in aluminue foil

Open upper $luid sample cylinder valve (1 ain.)
Heat fluid sample cylinder to 150°C (15 - 30 ain.)

Allow #luid sameple cylinder to cool to rooa temperature (30 - 45
fin,)

Open expansion cylinder valve(s) and allow gas ta equilibrate
(3 - S 'ain.)

Ispclate expansion cylinder(s)

Disasseable system; preserve degassed liquid sam
Sasple Plant
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3.2 Large voluae {fluid sampls

l.

10.

11,

12.

14,

1S.

16.

On portion V, of the systea, install and leak test the fluicd sample
cylinder, expansion cylinder(s), i-liter expansion cylinder for
radon (if used), systea blank cylinder, and 1-liter condensation
trap :
Perfora voluse deterlinitions

Isolate Vy from Viee (1 sin.)

Allow evacuated gas expansion systemr to stand static (2 ain.)
Isolate systea blank cylinder froa gas expansion systes (1 @in.)

Isclate all cylinders of gas expansion systea (2 ain.)

Wrap heat tape around fluid sample and thermocouple probe; then
wrap all in aluminue foil )

Place container of ice around condensation trap
Open upper valve on fluid sample cylinder (1 ain,)

Heat +fluid sample cylinder to 150°C (20 - 40 amin.)

Allow fluid sample cylinder to ctool to rooa temperature (40 - %0
ain.) .

Expand gas to all gas expansion cylinders except radon cylinder
(S ain.)

Isolate all gas expansion cylinders (2 =sin.)
Expand remaining gas to radon gas expansion cylinder (S min.)
Isolate radon gas expansion cylinder

Disassesble systea; preserve degassed fluid

10
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Bock Saxple Analysis __Page 1}

V04- BOCK SAMPLE ANALYSIS

1.0 PURPOSE

The following procedures detail the steps to analyze a rock sample using
the RF furnace or the lov temperature resistance furnace. Rock samples
that totally degass below 800° C and that are volatile rich should be
heated in the low temperature resistance furnace. The maximum temperature
for the lov temperature resistance furnace is 900° C. All other samples
should be degassed in the RF {nduction furnace,

2.0 DEFINITIONS

LTRF - low temperature resistance furnace. The LTRF {s composed of two
parts, a resistance heater and a sample tube.

RF furnace - Radio frequency induction furnace

Generator {RF) - Refers to RF (radio frequency) generator used to
heat the rock sample.

Temp ~ Temperature of experiment {n degrees Celsfus
MY - M{111volt reading measured inside furnace., The millivolt

reading is used to determine degrees Celsfus fnside the
crucible of the furnace.

Pas = Internal pressure of mass spectrometer, value is recorded on
procedure/actual conditions sheet.

Title - Title for experiment

File - Number of HP9825 file where raw mass spectrometer data is
stored,

3He/‘He/H2 - Peak heights for these 1sotopes are measured and the
value recorded on the procedure/actual conditions sheet
(Figs. 2 and 3).

Gain - Gain scale used for experiment; value recorded on
procedures/actual conditions sheet (Figs. 2 and 3).

3.0 PROCEDURE
3.1 Procedura) Blank Analysis
The conditions, procedure, and time for a blank analysis sh

closely resembie a sample analysis. A blank ould precede
a sample analysis,

11
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Method 04 January 16, 1985
Bock Sample Analysis - Page 12

3.1.1 Blank Analysis for Rf Furnace
' The procedurs for blank analysis is recorded on the Actual
Conditfons -~ blank form (see Figure 2A), The time for esach
stop is written on the form in the space provided on the left
of the page.

1. Turn on the water to the furnace and the generator
(2 minutes).

2. Turn on the radio frequency generator (5 minutes).
3. Close V¢o (1 minute).
4. Install LN, on Charcoal Trap No. 1 (1 minute).

S. Turn on the plate power, then increase gradually to attain
desired temperature (10 minutes).

6. Enter the temperature and the mi11{volt readings in the
blanks provided on the Actual Conditions = blank form
(Fig. 2A) (25 minutes).

7. Decrease the power to 0, then turn the plate power off
(1-5 minutes).

8. Isolate V; from ¥V, and fsolate V3 and V4 from pumps
(1 minute).

Install LN, on Charcoal Trap No. 2 (1 minute).

Add the {isotope dilution spike(s), 1f applicable
(5 minutes).

Open V¢ and expand the gas to V4 (10 minutes).
Set getter to 10V and turn off RF (5 minutes).

Close V¢, and getter to 5Y (5 minutes).

Turn on the Mass Spectrometer Electronics (5 minutes).

15, Close the valve to Mass Spectrometer fon pump (1 minute)
and turn off the high voltage (HY).

16. Admit He-Ne fraction (2 minutes).

17. Turn on the high voltage (HV) for He run (admit Y3
fraction, {f necessary).

18. Pump residual He-Ne during He analysis (5 minutes),

12
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19. Close V¢, remove LN, from Charcoal Trap No. 1 (5 minutes),
20. Install the dry ice on Charcoal Trap No. 1.

21. Complete He run, fi11ing fn the appropriate blanks on the
Actual Conditions - blank form (Fig. 2A).

22, Pump the Mass Spectrometer system, V3, VY4, and Vs. Remove
LN, from Charcoal Trap No. 2 (10 minutes).

2. Isolate V3 and V. from the pumps.

24. Open V¢ (5 minutes),

25. Close V¢ (1 minute),

26, Install dry ice (DI) on Charcoal Trap No, 2.

27. Close the valve to Mass Spectrometer fon pump and turn off
high voltage (HY),

28. Admit Ar fraction VS' Y4» Y2 or total and note fraction
admitted on the Actual éond tions - blank form (Fig. 2A)
(2 minutes).

29. Turn on high voltage (HV) for Ar run,

30. Complete Ar run, enter required data on the Actual
Conditions - blank form (Fig. 2A).

Pusp the Mass Spectrometer system, V3, V4, and Vg» then
open VY, .

Remove dry fce (DI) from Charcoal Trap No. 1 and Charcoal
Trap No. 2.

'.;_,‘ - The procedure for blank analysis {is recorded on the Actual
\\/ Conditifons—=blank LTRF form (see Figure 2B). The time for
each step is written in the space provided on the left side of
the form,

1. Close V. (1 minute).
2. Place LN, on trap "A" (1 minute).
3. Slovly bring LTRF to desired temperature (15 minutes).
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6.

7.

8.

9.

10.
11.

12.
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Enter the temperature and times in the space pfovidod on
the Actual Conditions form (20 minutes) (Fig 28B).

Turn off voltage to furnace and allow to cool. Close
valve to trap "A" and place LN, on trap "B" (10 minutes).

Open resistance heater and remove. Place 2 fan on the
sample tube to cool it to room temperature (2 minutes).

Set getter to 10V (10 minutes).

Check that Viyrpo and Vipjet 2re closed and that Veyean-up
and Y¢ are open,

Close V¢on pump 2nd then open Vg (5 minutes).
Place LN, on Charcoal No. 1 (10 minutes),
Close Vs (1 sinute).

Perform steps 13 through 32 of the above method for Blank
Analysis for RF furnace (3.1.1).

132



BFEC Mass Spectrometer Procedures Controlled Document
Method 04 . Janvary 16, 1986

Page 14

Figure 2A, Actual Conditions - Blank Fora

ACTUAL COMPITIONS - BLAK
Ties L { p— IRV 3
——T 0T £ furnice § geveretor - OB (3 oin.!}
__RF - 0N {3 etn.)

—— 1008 Yo (] 840}
LBy on Charcosl Trap Be. 1 (1 ain,)
——llate Pover -
a——T 2EP 0880 power gradually to stlais tosperaters (10 sfa.)

Ienp v 123 ain,}
—— S ET S8 pumer Lo ¢, plate power OFF (1 - $ atn.)
Isolate Vy = ¥4 2ad Inalate ¥q = ¥, fres puegs {1 afs.}
—Fe 00 Charceal Trap Be. 2 {1 ofn.)
A4¢ jootope €ilution spikeis) (1€ appliceble) (S sin.!
Spon ¥, and Expand gas te Vo {3 sia.)
SALS getter to 10V, BF OFF (10 sia.) Rate ory dco
Clese ¥y, SALS gotter to SV (9 gin.}
WS Clectroafce BN, SAES gotter teo # velts (3 ofn.)
Clese. vaive ta RE (on puag; XY - OFF (I ain.)
Adait Ne-Re lnttgn (2 sin,}
NY-ON, for Ne ren) (Adait Vg fractien 1¢ agconsary)
Pusy residusl Me-Ng durlag e saslysts (3 sta.t’
) Close Vo, reseve LNy fras Charcesl Trep Be. 1 (3 afn.)
——108t811 0] o Chorcesl Trep Ne. |

Conplots Ne ree, Py Title file

Ne » et B : : Jaia
Pusp N.B. systes, Vo, Vo, Vg, Reasve Uiy froe Ohar. Trap Be. 2 (10 sfa.)
Isolate ¥5 & ¥V, free puaps :
____Gsen ¥, (S sin.)

Close V. (1 sin.)

Pl on Charcosl lrap We. 2.
Clese valve te WS fon pusp; NV -~ OFF
Aeait A7 fraction Vo, Vo, ¥ or tetasl (2 eis.)
W - DN for Ar run

fesslate dr run, asP o Title File

pr » 3%¢ o SOhe o gain

Pesp N.B. systes, Y5, L Vo, opan ¥, /"‘\
1

Reseve B1 froe Charcosl Trap Be. | & Chorcoal Trap Ne. 2

oy
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Figure 28, Actual Conditions - Blank Form

T

i\
Data, Sample Yop

Clese ¥, (1 strte).

Place LIy ea trep *4° (1 mimwte).

Sowly bring LT ¢o desired temperature (1S sisvtes).
Temperature (0 wimrtes)

Tern OFF voltage to LTWF. Cloes valve to trep *A" aad place LNy on
trap 9 (10 wimrtes).

fasove resistance hester. Place fan on sample tube (2 afsutes),
Tura gettar to 10V (10 aimvtes),

Chock thit Veyrgo 204 Vypiet 870 c1000d and that Voygen-gp O Vg are
opm {] ximts).

mmvmnuuq-v.(smma.

Pace Ly o Charcotl Mo, 1 (10 wtmwtss).

Close ¥, (1 stmte),

Closs ¥y $ALS getter to SV (5 wimwtss),

RS Electronics O, SAES getter to 0 volts (5 misvtes).

Closs valve t0 NS ton pumps HV-OFF (1 simsts).

Muit Ho-ie fraction (2 sinwtss),

HY-0, for Mo rwa (admit ¥y fractiem, 1f mecsssary),

Pup residus) N-le during fe amalysis (S aimrtes),

Close Yq, resove Ly fros Charcoal Mo, 1 (S simrtss).

Iastall DI en Charcosl Mo, 1. ’

Complets He res, P = Title File,

34 » & o wHe ata_f
Pup RS systen, ',' /0 "- ._’V.L.?'mmfm‘l o, 2
(10 winstas). :

Isolats ¥y and ¥, from pusps.

Open ¥y (5 wimete). «°

Clese ¥4 (1 atmts).

OI e Charcoal M. 2 (15 minwtes).

Close valve to )3 ica punp; W - OFF,

Muit Ar fraction Vg, Vo, ¥y or tota} (2 afsrtes).

W = O for Ar rea,

Cosplets Ar rem, Py » Title, File,

By, e 8. Oy » Sata_

h”m','"a "'".'o

Mescve DI fros Charcos) Mo, 2.
L )
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3.2.1 Sample Analvsis laing the RF Furnace

The procedure for sample analysis is recorded on the Actual
Conditions - sample form (see Figure 3A). The time for each
stop is vritton in the space provided on the left side of the
form,

1.

2.

3.
4.

5.

6.

7.

8.

9.

10.
11.
12,

14.

15,
16.
17.

18.

Turn on the water to the furnace and the generator
(2 minutes).

Turn on the radio frequency (RF) generator (5 minutes).
Close V¢ (1 minute).
Install LNZ on Charcoal Trap No. 1 (1 minute),

Turn on the plate power, then increase gradually to attain
desired temperature (10 minutes).

Enter the temperature and millivoit readings in the blanks
provided on the Actual Conditfions form (25 minutes)
(Fig. 3A).

Decrease the power to 0, turn the plate power off
(1-5 minutes),

Isolate Y3 from ¥, and 1solate V3 and V, from the pumps
(1 minute).

Add the {sotope dilution spike(s), 1f applicable
(5 minutes).

Open V¢ (10 minutes).
Set getter to 10V (5 minutes),

Expand the gas to ¥V, and turn off the radio frequency
generator (10 minutes).

Close Y and getter to 5V (5 minutes).

Turn on the Mass Spectrometer Electronics and install LN,
on Charcoal Trap No. 2 (5 minutes).

Set getter to 0 volts (5 minutes).
Isolate V; from V3 {1 minute).

Close the va!ve'to the Mass Spectrometer fon pump and turn

off the high voltage (HY) (1 minute).

Admit Ho-Ne fraction (2 minutes). UNCONTROLLED
DOCUMENT
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19. Turn on the high voltage (HY) for He run (admit V3
fraction, 1f necessary).

20. Pump residual He-Ne during He analysis (5 minutes).
21. Close Vf!>r..°V° LN; from Charcoal Trap No. 1 (5 minutes).
22. Install dry fice (DI) on Charcoal Trap No. 1.

23. Complete He run, filling in the appropriate blanks on the
Actual Conditions - sample form (Fig. 3A).

24. Pump Mass Spectrometer system, V3, Y, and Yg. Remove LN,
from Charcoal Trap No. 2 (10 minutes).

25. Set getter to 10V (5 minutes),
26. Isolate Y3 and ¥, from the pumps.
Z7. Open Vg (5 minutes).

28, Close V¢ (10 minutes).

29. Getter - off and install dry ice {DI) to Charcoal No., 2
(15 minutes).

30. Close the valve to the Mass Spectrometer fon pump and turn
off high voltage (HY).

31. Admit Ar fraction Vg, V4» Y3 or total (2 minutes), note
fractfon admitted on the Actual Conditions - sample form
(Fig. 3A).

32. Turn on the high voltage (HY) for Ar run.

33, Complete Ar run, enter required data on the Actual
Condftions sheet (Fig. 3A).

34. Pump the Mass Spectrometer system, Y3, V4, and Vg» then
open Y,

35. Remove the dry ice {DI) from Charcoal Trap No. 1 and
Charcoal Trap No. 2.

3.2.2 Sample Analysis Using the LTRF

The procedure for sample analysis {s recorded on the Actual
Conditions - Sample LTRF form (see Figure 3B). The time for
each step 1s written in the space provided on the left side of
the form.

1. Prepare spike pipette by evacuating the volume, {f
applicadble (3 minutes).

16
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2.
3.

4.
5.
6.

7.

8.

9.
10.

11.
12.
13.
14.
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Close Vg (1 minute),

Add 1sotope dilution spike(s), 1f applicadble (2 sinutes),
Place LN, on trap "A" (1 minute).

Slowly bring LTRF to desired temperature (15 minutes).

Enter the tesperature and times in the space provided on
the Actual Conditions form (20 minutes) (Fig. 3B).

Turn off voltage to furnace and allow to cool, (Close
valve to trap ®A" and place LN, on trap "B" (10 minutes).

Open resistance heater and remove. Place fan on the
sample tube to cool it to room temperature (2 minutes).

Turn up getter to 10V (10 minutes).

Check that Vi, .1, and Vi 10t are closed and that Ye1ean-up
and Y¢ are open,

Close Yyon pump 2nd then open Vg (5 mfnutes),
Place LN, on Charcoal No, 1 (10 minutes).
Close Y (1 minute).

Perform steps 13 through 35 of the above method for using.
the RF furnace (3.2.1).
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Figure 3A. Actua) Conditions - Sample Form

ACTUA. CORDITIONS

Tioe dote Seeele Toos
. Sator Lo furaace § gonerator -~ BN (2 efa.)
_” hd - ‘. efa.} '

—ti080 Yo (] sin.}
—F 0% Chercaal Trap Be. 1 (1 pin.}
Jlste Pooer -
jacrease peser gradusily te attain temperature (18 sin.)
Teap . {23 sin.}
Jotruase paver to O, plote power OFF (1 - § gtn.)
Jsolate ¥y = ¥, and Isslate ¥y = ¥, #ree pusps 1] sin.}
Md Laotope dilution spikels) (1¢ applicadle) (3 ofn,)
——ren ¥, 110 eta.?
e SNES gotter te (WY (5 oin.)
Expand gos ts Yo, BF = BFF {10 oin.) Jate ory ice
Close Vo, BALS gotter te 3V (3 sin.)
%S Clectronics 0N, L%y oa Charcoal Trap Ne. 2 (3 ain,!
SALS qetter to @ velts (S ain,)
Iselets Vo fres ¥y (1 oin.)
—— 1080 valve Lo RS l0n puey (1 sia.)p WV - BFF
Adait Ne-lg fraction (2 ein,)
NY-0N, for Ne rus; (Adait V3 Sraction if ascessary)
Punp residual Re-fe during Ne saalysis (3 ain,.)
Clese Vo, reseve LBy froa Charcoal Trap Be. § (3 gis.?
Tastall 31 o Charcesl Trap WM. 1
Conplate Mg run, Poe Title File
e T Sy » Rp @ $ain
Puny R.§. systen, Vo, Vo, Vo. Resave LN fres Chor, Trap Be. 2 (10 sin.)
— JALS getter 1o 1OV (S efs,)
Iselats ¥y & ¥, fres pusps
bpen ¥, (S atn,)
Close Vo (10 oin.) '
___SATE qetler - OFF, M1 en Chartesl Trap Be. 2 (13 sin.)
——Flose valve ko RS [on pusp) WV - OFF
pMeit &r fraction V5, Vo, V3 or total (2 sin.?
NY - 8N for Ar rea
Pasplets & rea, esf » Title Fils
Sopy o had T SOhc o Jais
Puss R.5. systes, ¥y, Yo, ¥, 92 ¥,
——Rocove P} tres Crarceal Trap Ne. 3 & Lharced] Trop Ne. 2

-

UNCONTROLLED
DOCUMENT
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LTI T

Figure 3B, Actual Conditions - Sample Form

(8,
Seta : Sample Ty

Evecaste pipotts volums (3 minvtes).
Clase ¥, (1 mimsts),

Mid 13ctope $1lvtien spikels), 11 applicadle {2 aiswtss).
Fice Ly o trep *A* (] minete).
Slewly bring LTW to desired tsaporatyvre (15 siawtes).
Tespersture of LYW (20 sinutes).

Tern OFF voltage to LYW, Close valve to A" and place
" (10 afaetes). tre piece Uz o trep

fancve restetance bester. Place fan on sample tude (2 minvtes).
Tors gottor %o 10 ¥ (10 minvtes).

Check that V. od ¥ are closed and that wd Yo are
..u.‘_gno falet Yeloa-u t

ﬂoo'm,-.lbuqu'. (S niawtes).

Place Ly o charcoe] Mo, 1 (10 minwtes),

Cless ¥, (1 nimts).

Class V¢! SAES getter to SV (5 simwtes).

% Electromics O LI, ca Charcos) Mo, 2 (5 miastes).
SAES getter to 0 volts (5 minstes).

Isolats ¥ from ¥y (1 singts).

Clcse valve .to RS fon pusp (1 minvts),

Muit H-Ne froction (2 sinvtes).

WO for e rus (adeit ¥y fraction, 1f secessary).
Pap residus) Me-te during o and)ysis (S siavtes).
Close Vg, remove Liy from Charcosl ®o. 1 (S minvtss).
Iastall D] ea Chercos! Mo. 1. .

Cosplets Ne rum, Py * Title Fﬁp

Posp N3 system % V4 ". 'b!.'.z fl"&m.‘ .- 2 Qo miawtes).
SAES gottar to OV (S.ﬂm).
1sslats ¥y and ¥, from pusps.
Opem V¢ (S siartes), e
Clese ¥¢ (10 atartss),
SAES getter OFF, DI oa Charceal fo. 2 (1S afmrtes).
Clese valve to NS fon pesp.
Muit Ar frection "o '.' '3 or total (2 miswtes).
WO for Ar rem,
Complots Ar rem, P, Title__ File__
Ny o .;‘Ar o &,. Gl
Pasp 1S m "p “o "o open V.
fascve DI from Charcoal Mo. 1 and Charcos) Mo, 2.

oy
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05 ata Acquisjtion in he HP9B25
1.0 Pyrpose

The purpose of this procedure is to list the aethod for Mass
Spectromaster data acquisition using the HP9825.

2.0 Definitions
The noaenclature used in this procedure is explained in greater detail
in Appendix B. See Appendix F for a list of the function keys on HP9825, only
a few of these functions are involved in data acquisition.

3.0 Procedures

1. MWith the cassette tape inserted in the tape drive, turn on power.

2. As instructed, enter "ist C" (f14) - for Argon or *"2nd C* (f15) for
helium or neon

3. Load an existing set-up (f4) or-write a new set-up (f19). A set-up
consists af defining the following:

a. peak(s) and baseline(s).to be analyzed
b. wsultiplier range for each peak and baseline
c. delay time before leasuring each peak and baseline
d. intég;ation tiee for each peak and baseline :
e. nunﬁer of cycles for the run
f. number of sets for the run (not used)
g. nunber of next set for the run (not used)
4. DOnce the gas is in the sachine and has equilibrated, the voltage
for the ion accelerator is turned on. This represents T, for the

run and the To function (f7) is pressed.

S. _If the preselected sultiplier ranges are not correct, new ranges
tan be entered intoc the HP9B25 at this time.

&. Press "Search" function (f20}, switch sagnet regulator to externail
mode, press CONTINUE and perfora the steps ac directed by the
HP9825. At the normal termination of the run, the data are .
automatically stored on cassette tape on the HP982S. The numter
of the file in which they are stored is written an the paper tape
cutput and recorded in the Mass Spectrometer Log Notebook.

18
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4.0 References .

1. Operating and Prograsaing Reference Manual for the HP9825.

2. 1/0 Control Reference Manual ¢or the HP9825.

19
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06 ransfer of Data Fi froa HP9B2 assette Tape on HP2448
1.0 Pyrpose

This procedure cutlines the transfer of data files from the HP9825
cassette tape to the cassette tape on the HP24648.

2.0 Definitions
The nomenclature used in this procedure is explained in greater detail
in Appendix B. See Appendix F for a list of the function keys on the
HP9825. '

3.0 Procedures

1. MWith cassette tape cartridge inserted in tape drive of HP?825,
turn on power. (Note - if auto load fails, rewind tape, type "“ldpo*,
press EXECUTE.)

2. Reload data file to be transferred

a. press "Reload" functicn (£17)

b. as directed, enter file number to be transferred {(recorded in
the Mass Spectrometer Log Notebook)

c. press CONTINUE

3. Enter information for file header (tag) {(Note - the inforsation to
answer inquiries will be found in the Mass Spectroseter Log Book
for the experiment.)

a. press "CHOMP" function (§10)
b. enter code for electroeeter head used

1 Faraday Cup
2 Regular Head (usual response)

c. press CONTINUE

d. enter code for operator
1 = Tony Zaikowski 3 = Ed Novak
2 = Bonnie Kosanke

e. press CONTINUE

nter code for gac being analyzed
= helium

neon

argon

krypton

xenon

e
)
2
3
4
S

g. press CONTINUE
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5‘

6.

7.

h. enter 4-digit saaple number for file being transferred and note
file nuaber in mass spectromseter lab book (usually next
sequential nuaber)

i. press CONTINUE

j. enter saaple code nuaber

i-

99 = calibration
0 = cold blank
16 = teaperature of run in hundreds of degrees C

k. press CONTINUE

Set switches for transfer of data from HP9823 to HP264B. See
Figure 4.

a. the HP9825 switch box is set to H32648

b. the HP2648 switch box is set to HP9825

c. the HP2648 settings are (See Figure 7 and consult HP2448 User's
Reference Manual for detailed explanation}

press

4800 baud

depress Remote, Caps Lock, and Auto'LF function buttons

set terminal for data to go from display to left tape drive
initialize edit function

clear screen display

position tape to file to be recorded

CONTINUE on HP9B2S - to transfer data

record data (press RECORD on HP2448)

esark an end-of-file on tape on HP25648

4.0 References

w
.

RTE-6/VH Terainal User ‘s Reference Manual

RTE-&6/VM Programmer's Reference Manual

UNCONTROLLED

FORTRAN 77 Reference Manual for RTE-4/VN DOCUMERT

HPZ648R Braphics Terminal User ‘s Manual

HP264BA Graphics Terminal Reference Manual

21
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4. Operating and Programaing Reference Manual for HP9825

7. 1/0 Control Raference Manual for HP9B2S

Fiburo 4 HP2648 and HP9B825 Bwitching B&xos

- UNCONTROLLED
- DOCUKENT

A B C D

q¢15 “e /1000

@

2L48 Suwifching Box

A B C D

248 Printer

O

9825 Suifching Bov
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07 Transfer of Data File ¢from HP244B Cagsette Tape to HP1000 DPisk File

1.0 Puyrpose

2.0

This procedure outlines the transfer of data files from the HP2648B
cassette tape to HP1000 disk tiles.

Pefinitions

The nomenclature used in this procedure is explained in greater detail
in Appendix B.

Procedure

1. BSet up for transfer (Reference Figures 4 and 5)

b‘

go

HP2648 switch box is set to HP100O
Auto LF button is released (up)
baud rate - 94600

log onto HP1000

set-upg for data to go from left tape to display

position tape at start of +ile to be transferred

Note - terminal sust not be in Edit mode

2. To transfer file, type the following coamand:

: ST

4, B

1:1-1,A5,8A(CR>

terminal prompt

References

1. RTE-6/VM Terminal User's Reference Manual

2. RTE-

3. FORTRAN 77 Reference Manual for RTE-4/YM

4/VM Programmer 's Reference Manual

save file

ASCII file

create file of this size
cartridge referance

\ saaple number
1, J, K, etc. for input file
H, N, A, X, K for gas type

L k\————-LH:*I: tape drive (S = right tape drive;
k STORE command

—~——.

UNCORNTROLLED
DOCUKERT
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‘I

3.

-t 4 —— e -

HP2648A Braphics Terminal User’'s Nanual

HP264BR Eraphics Terminal Reference Manual r\‘\

Figure 5 HP2648 Tersinal Keyboard DOCUMEN]
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08 Processing Files through CHOMP - Manual sode

1.0 Pyrpose

This procedure outlines the processing of data files by use of the
CHONP prograa.

2.0 Definitions

The nosenclature used in this procedure is explained in greater detail
in Appendix B,

3.0 Discussion

CHOMP performs data reduction on mass spectrometer raw data files. The
computer program prints the data in various stages of coeputation and
prints the results. Optionally it produces printer plots of the tise
variation of the peaks or ratios and creates an output #ile suitable
for input to FILER.

4.0 Procedure

t.
2.
3.

3.

6.

Log on HP1000

Type: CHOMP to execute CHOMP progras

@nswer proapts

- enter nase of file to be processed )

- enter option {a complete list of options is listed in Appendix D)
two typical sets of options chosen are:

* linear gxponential
LIN suM
SUNM RAT
RAT REF
REF FIL
INP
DUNM
PL1
FIL

Make sure printer is in condensed aode, set up for 8 lines per inch
and on-line (See Figure &).

To release the file to printer, type: "CS,6"; then *0SPOL".

When printing is complete, log off HP1000

5.0 References -

1.

-
S
-s

RTE-b6/VM Terminal User’'s Reference Manual

UNCONTROLLED
DOCUMERTY

RTE-5/¥M Prograamer’s Reference Manual

FORTRAN 77 Reference Manual fer RTE-6/VHM
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4.

Operator ‘s Manual for HP2631A Printer

Reference Manual for HP2630 Family of Printers

Figure & 2631A Printer Front Switch Panel

CONTROLLED DOCUMENT
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09 Procesging Files Through CHOMP - Batch Mode

1.0 Purpose

2.0 Definitions

The nosenclature used in this procedure is explained in greater detail
in Appendix B.

3.0 Discussion

CHOMP perfores data reduction on mass spectrometer raw data files. The
cosputer program prints the data in various stages of coeputation and
prints the results. Optionally it produces printer plots of the tiae
variation of the peaks or ratios and creates an output file suitatle
for input to FILER. The purpose of using CHOMP in the batch sode is to
process several data files in a single job. Refer to Appendix E for
CHOMP file naming conventions,

4.0 Procedure
1. Log on HP1000

2. Edit the file CHLINE to enter the names of files to be processed
and the total nueber of files.

:gg.2CHBT1,AIiSiB,HIiSi3,NIiSiB,AIiSi4,HIiSiS,S
4 b

{RU,0SPOL
:TR,XCHET2,AI1513,H11543,NI1513,A11544 ,HI1545,5
1CS,6

‘RU, OSPOL

TR, ¥CHHT3,AI1543,HI1543,Ni4513,A14514,HI1515,5
:CS,6
‘RU,0SPOL
: TR, XCHET4 ,AI1543 ,HI1543 ,NI1513,A11544,HI1515,5
:CS. 6 ee———
{RU,0SPOL :t

name(s) of file(s) being processed number of files being
processed

3. Make sure printer is in condensed mode, 8 lines per inch and on
line (see figure 8).

4, Execute a batch job by typing: TR,CHLINE.

S. MWhen printing is complete, log off HP100D.

Sv0 References UNCONTRQLLED

1. RTE-4/YM Tereinal User's Reference Manual DOCUMENT
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RTE-4/VM Programser’'s Reference Nanual
FORTRAN 77 Reference Manual for RTE-4/VHM

Operator ‘s Manual for HP2431A Printer

Reference Manual for HP2630 Faaily of Printers

)

Edit/1000 User s Manual

L
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010 Pr in a Files thr h R
1.0 Purpose

The purpose of this procedure is to outline the steps involved to run
the aass spectroseter data files through the computer progras FILER.

2.0 jscussion

Data reduction is perforsed on sass spectrometer data files that have
been processed through CHOMP. Minimally, FILER transposes the binary
CHONP input file into an ASCII output file. Other FILER options are:

BLANK - performs blank corrections on data

DISCRIM - perforas discrimination corrections on data

DELETE <~ deletes data values

ESCAPE =~ quit input 4or current file and ask for naae of next input
file

INTRF - perfores interference corrections on data

NONE - noc aore corrections desired

REDO - abandons all entries except name of input file

SENSI - cosputes sensitivities of calibrations or asounts of
sasples

SPIKE -~ perforas isotope dilution calculations

SUSPEND - suspends prograa

TILL - allows multiple entries of commands

?? - lists options available

3.0 Definitions

The nomenclature used in this procedure is explkined in greater detail
in Appendix B.

4.0 Procedure

1. Log on HP1000
2. Type: FILER, to execute FILER programs
3. Answer proepts as needed

The results from CHOMP are professionally evaluated to determine the exact
paraseters to be selected in FILER*. Since FILER is a menu driven prograse,
many options and paths are available to the user. The following discusses
some typical exaaples, but only in generic teras, not as exact computer
runs., The actual options chosen are written in the data reduction book.

Helium calibration

a. Tﬁe binary output file from CHOMP is processed through FILER
with no options selected to create an ASCII output file called
HCnnnn, where nnnn is the sasple number.

tRefer to Appendix E or an explanation of file naming conventions and example

paths through FILER,
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Heliue sasple and iscotops dilution

a. The binary CHOMP file is processed through FILER with no
options to create an ASCII file called HSannn

b. The file HSnnnn is discrimination corrected with the file
HCnnnn for the corresponding run, to create the file HDnnnn,

Argon calibration

2. Same as for helium calibration, except output file is naaed
ACannn

Argon saaple and isotape dilutian
2. Sase as for helium sasple, except output file is named RSnnnn

b. The file ASnnnn is discrimination corrected with the
appropriate ACnnnn to create ADnnnn

c. For isotope dilution only, the file ADnnnn is SPIKE corrected
to produce SAnnnn

Neon calibration
a. The binary CHOMP file is processed through FILER and the INTRF
option is selected to make corrections for interference fros
dirt peaks. The output file is named NCnnnn,

Neon sasmple and isotope dilution

2. The same INTRF correction is amade to the binary CHOMP file to
create the file NSnnnn.

b. The file NSnnnn is discriminatien corrected with the
appropriate NCnnnn to create the file NDnnnn.

4,0 Retferences
1, RTE-46/VM Tersinal User ‘s Reference Manual

RTE-4/VN Prograamer's Reference Manual

n
.

FORTRAN 77 Reference Manual for RTE-&/VM

e

4. Operator’'s Manual for HP2631A Printer

S. Reference Manual for HP24630 Faeily of Printers
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011 Sample Handling gnd Docusentation
1.0 Pyrpose

This procedure describes the sample handling and documentation procedures
used by aass spectroseter personnel.

2.0 _Procedure

2.1 Saaple handling for gas has the following steps:

1. When samples are received froe the sample plant, a Saapie
Ticket Nueber has been assigned and a Chain of Saeple
Custody Form (see Figqure 7) has been coapleted. The
Chain of Sasple Custody Fora is filed in the aass
spectroaeter lab.

2, A Sample History Documént (see Figure B) is created for
the sample. (This fors can only be cospleted once the
gas phase samples are created.) This {fors is
temporarily stored with the sample in a cardboard box in
the mass spectroseter lab. I+ the sample is totally
consused, the fora will be stored in a notebook in the
a3ss spectroseter lab until pereanently archived. The
fors will stay with saaple if it is transaitted to the
Saaple Plant for archiving.

3. The Saeple Inventory Catalog, a cosputer file on the
HP1000, (see Figure 9 for exasple page) is edited to
enter information concerning the sample. Typical
information sight include:

Well name and zone.
Downhole temperature.
Surface teaperature and flow through and clesing
pressure,
Nase of sampler.
Saaple ticket number.
Date and time saepled.
Type of sample {e.g. fluid, gas).
Source of sample (e.g. well head, mercury
transfer).
Description of container (e.g. 10cc, 25cc, &75cc).
Disposition of sample (e.g. not used, split in'lab}.
Cross reference infareation. )

2.2 Saeple handling for fluid involves the above steps for

handling gas sasples after the saaples have been split
as follows:
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Figure B Sample History Docuament

BENDIX FIELD ENGINEERING CORPORATION

Collection Date

Sample History Document

Type of Sample

Originating Sample
Date of Splitting
to Gas Phase

Total Volume of
Original Gas Phase

" {a) = approximate

(e) = exact

(z 12)

Zone
Time
Fluid Volume
Gas Volume
Fluid Volume
Gas. Volume
N/A

(2]
(2]

Record

Record

Sample Ticket
No.

Completed by

Date
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Figqure 9 Page froa Sasple Inventory Catalog

ritu pSI[PTION  TTE ca0ss

WF 1{ OF

SAPLL RSTIPTION m 1!’2' CONTALNER &LE SUSSEQUENT lmlnm {s&mx{m

1. Frjeme] 4 2 i :
5 ?L"{‘Zg ”m. mgz‘ §75cc Ligeid  Spllt an neted balow p. 090 5N-)
Bawn Aele Pres. ! 1;

Transfer Pres.
Temg,
hlrf.lono 4
bepth 770
fcrf S8e5-4926
Tracer (§,Jopa
Dewmhele Trip 14
h'{ ¥t §4720gn

1754%n
sy Nk MHT ce Sas Erpended for orclysis . 13 MS-11
- i ! !vé 1453
w21 Cas | Vg e Gas -Mut Used
Bolit
, e H HUHY ¢ Cas ded to 25c cylé 1 AR RS
g:m bmmu :md ye te !uu. 1160-70
J. brieme] 48 Tone 7 Cas Ha &cee Ges Mot Used
Field Split Split d!
Dowe hale Pres. ?6
Jransfer Pres, l "
D.K. Temp, 103.8
Serf.Tem.
bepth 5720
erf, $829-572%
recer (1.30pm
llmhzlt Trip 42
WHIN Gas iz 5¢c Gas Mot Used
Split  J6td
L] gi [ LI1F2] e Gas Kot Used
it .
i 1 Fad ] [T Ca t 4 2 slegs for enelysis p. 45 IS-I01
S I 1
I Blant gmn 113 Bas Net Used
T, Friene] 41 Zene 7 bell 41118 e Liqeid  Split as moted below p. 138 1S-11
Serfece Flov They Keud 145
Pewnhole Tem, 181.9
mant Pnn. 1680
Serf. T u?
Flavthey Press. 480-525
Clmnq Press.
MHS53 11 lysis . 137 8511
1Y Mk HUZT ce Cas Expended for enclysi Ew &
Wb Gas 1z o5ce Las Sis slugs mmd for wnel, m-m RS 11
Split Jalonce saved
id Tronsferred 10 S, Dentenn.
! '55533 ﬁ.f.'?ﬁff tlg {g:%" Zee Ligsd A?‘“: ;:;:lblc valve faslore
Dewniole Temo, 181.10 cylinder returned to NS Lob
gnﬁult Prus. 1683
wf, Te

Flwthn"rus 448-52%

Closing Press, 525
WiDb2

URCONTROLLED
DOCUMENT




BFEC MASS SPECTROMETER PROCEDURES CONTROLLED DOCUMENT

1. Sasple Tickets (see Figure 10) are cospleted for ail
sanple(s) and blank cylinder(s), and the remaining
degassed fluid. The Sample Ticket white card is
transsitted tc the Sample Plant, and the pink sheet is
transsitted to the NWTS Project Manager.

Figqure 10 Sample Ticket

— -

Do nat wriee in this spece. Savple No.
fReina AASSN 127
Sampie Sarne IOCIDON B8 Proy. Narme
Yr Ma-Oesy No.l | | |
Merad. | Twp Rng. | Sec. ] 1w06-
R VRYTW| 7i1 Tog | W | Sec_ W Ueg | W
Steve County Sont. Spectrometer coums  No.GJO ﬁj
[T e
nat: cpe jl U l'l'n Time
Dev. Depth Locakty nerme
Sampis Typ
O ROCK D oo C Channed D Grsd 0 Core OCurings
COWATER OSwveam T lake T Wet T Spring Termg:. P Conct:
C1 SEDIMENT C Concentrata C o Csow Horizor:
Z OTHER (Specify):
COMMENTS:

UNCONTROLLED
DOCHHERY

MNS 127

2. Chain of Sample Custody Foras are completed for all.
sanple cylinders, the systes blank, and the remaining
degassed fluid. These foras are filed in the mass
spectrometer lab.

3. The degassed fluid is transsitted to the Sample Plant

with the Chain of Sample Custody Fora. A copy of the
jorm is retained in the mass spectroseter lab.

35
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(28]
(&)

[ 3]

[ 3]

2.1.3

4, A Sasple History Document is completed and stored uith—
the sanple (or blank) cylinder in a box.

5. The Sasple Inventory Catalog file is edited to reflect the

sasple(s) and blank created, the chanqge in status of the
original fluid sample, and cross references to detailed
information about this saaple.

4. The actual conditions of the fluid to gas splitting
setup are noted in the Sample Measureaent Book and/or
the Mass Spectrometer Lab Notebook.

7. Samples no longer needed are transaitted to the Saeple
Plant with a Chain of Sample Custody Fora. A copy of
the fore is retained in the mass spectroseter 1lab.

Rack samples are wrapped in aluminus foil and heated in
the RF induction furnace to drive off the trapped gas.
The gas is then handled as in 2.1.1 except for the
following:

1. The Sample Inventory Catalog is edited to enter
inforeation concerning the rock sasple. Typical
inforsation sight include:

Well and formation nawme.

Depth of rock sample.

Saaple Ticket Number.

Date saapled.

Type of sample (e.g. rock).

Disposition of sample (e.g. expended for analysis,
not used).

Cross reference information.

The following steps apply only to saaples analyzed on the mass
spectroeeter:

1.

All actual analysis conditions are noted in the Mass
Spectroaeter Log Book and/or the Mass Spectroaeter Lab
Notebook, both are kept in the mass spectroseter lab.

The Sample Inventory Catalog file is edited to reflect the
change in the status of the sample and applicable cross
references are added,

I the sanple is totally consused, this is noted on the
Chain- of Sample Custody Fora and the original returned to
the Sample Plant. A copy is retained in the aass

-spectrometer lab. Also the Sample History Docuaent is filed

in the lab with a note that saeple was totally consused.

Handling printed output 4rom CHOMP (see Appendix E).

i,

Full reports for linear and exponential extrapol t:UfNGONTROLLED
DOCUMENT
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2.4

evaluated to deteraine the paraseter(s) to be used in FILER.
The paraseters chosen will be written on the front of the
CHOMP output and also in the Data Reduction Notebook for the
sasple. The reports are persanently filed in a binder for
the particular well and zone.

The suamary linear extrapolation report is persanently filed
in a binder named Linear Extrapolation, Volume (number).
periodically, these are transfered to perasanent storage in
accord with procedures of the Quality Assurance cffice.

The sumamary exponential extrapolation report is peraanently
filed in a binder named Exponential Extrapolation, Voluae
(nuaber), Periodically, these are transferred to permanent
storage in accord with procedures of the Buality Assurance
office.

Handling printed output fros FILER (see Appendix E).

The printed output ¢from FILER is-taped into a Data Reduction
Notebook containing sample information for the associated borehole.
The paraseters chosen for the FILER run and any file(s) created are
also listed.

URCOKTROLLED
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012 PROGRAM PROTECTION AND CHANGE CONTROL

1.0 Purpose

This procedure gives instructions for the protection of the computer progras
that is used to acquire data froa the mass spectrometer at Bendix/6J0 and
has been verified as acceptable for use on ONWI-NWTS projects.

1.1 Application

This procedure will be used by the progras user in protecting-any HP/9625
cosputer code that is used to acquire data from the mass spectrometer and
has been verified as acceptable for ONWI-NWTS projects.

In this procedure any reference to an individual by title is intended to
include the individual’'s formal designee as well.

1.2 Detfinitions

Verification is defined for this purpose as a test that determines if the
progras produces correct results.

Program user is defined as any user of a progras. The user is responsible
for ensuring that a prograe used to produce project inforsation has been
verified and protected in accord with procedure QA-135.

1.3 Associated Materials

ONWI-NWTS Quality Assurance Manual Part 2, procedure BA-15, Rev. i,
Verification and Validation of Coeputer Prograas.

NUREE-08%é, Final Technical Fosition on Documentation of Coamputer Codes far
High-level Waste Manageaent, June 19E3.

Control Document for Computer Program (form OF-114)

1.4 General Informatien

A cosputer prograe that requires verification must be protected to ensure
that all modifications are authorized, documented, and tested before any new
version is used for official project activities. This prograas protection
and change control procedure satisfies this requirement by implenent}ng‘
applicable provisions of Verification and Validation of Computer Frograes,
gA-15, Rev. | in 'a manner appropriate for the HP/9825 computer used for
acquisition of mass spectrometer data.

The HP/9625 computer ic dedicated to the mass spectrometer. The HP/9B25
prograe performs the fallowing functions:

UNCONTROLLED
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Drives the aass spectroaster electronics
Finds the centroid of the peak(s) being analyzed
Acquires data for the peak(s) being analyzed

Calculates isotope ratios - this inforsation is only used as a
preliminary check and is not used for ONWI-NWTS project reports.
Hence it does not require verification,

Records data on cassette tape in verify-aode

The initial verification of the program for data acquisition will be
performed by testing it in aggregate with the CHOMP and FILER prograss
executed by the HP/1000 coeputer and by an alternate calculation far finding
the peak height using the chart recorder.

1.5 6eneral Procedure

Since the HP/9B25 coasputer does not provide any aeans of placing the prograas
under protection by an individual independent of the project it will be
protected by other measures. The progras will be checked for alteration
each time the progras is used by verifying that the checksua of the pregras
being executed is the same as the checksum of the program at the tise of
verificatian or reverification. The results of this check will be noted on

the paper tape output of the HP/9825 and docusented in the mass spectroseter
lab notebook.

When modification of the HP/9825 program is necessary, it will be
reverified, a new checksum value will be recorded in the mass spectrometer
lab notebook, and a Centrol Document for Computer Program will be completed
and signed by the program user and the Ruality Assurance Coordinator and
filed in the project records.

To prevent unintentional or undocumented use of the cld version., the version
nuaber will be printed on the paper tape which is the output of the prograa.
The version number will appear on the Control Document for Computer Progras
and the Verification and Validation of Cosputer Prograe worksheet. Thus for
all mass spectrometer coaputer output the version of the HP/96825 prograa
used to acquire data can be identified.

e —
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fppendix A
Schematic Drawing of BFEC Mass Spectroaeter Systea

System for separation and analysis of brine and rock sasples. Portions
of the systes bound by defining voluaes are of stainless steel construction
with ceramic electrical feed throughs with the execption of the RF induction
furnace and sample loading port, which are of glass. For analyzing rock
saaples, the two valve asseably used for gas phase saamples is disassesbled
to allow installation of the furnace. The Pyrex™ housed furnace is a
aodified version of equipsent described by Kirsten (196%). The mass
spectroaeter is a 60° -~ 10ca radius instrusent sanufactured by Nuclide

Carporation.
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Appendix B - Noaenclature

These teras and definitions will clarify the other iteas described.
Aliquot - A small volume between two valves. In the systes diagras in

Appendix A = these are shown as X X . V, is considered to be an
aliquot for these procedures.

Baratron® - A capacitive manoseter gauge.

Data Reduction Notebook(s) - This series of notebooks contains the FILER
output and additional sanual calculations performed on the data.

DI - indicates dry ice - alcohol or dry ice - acetone mixture and is used as a
tryogen.

LN> - An abbreviation for liquid nitrogen - a cryogen.

Mass Spectrometer Lab Notebook - This notebook contains additional relevant
infornation not written in the Mass Spectroseter Log Book.

Hass Spectrometer Log Book - This notebook contains relevant information for
each individual mass spectroeeter run. It is in a “chart" forsat and
all blanks are to have inforaation written in thea at sometime during
the data analysis. (See Table 1)

Sample Measurement Book - This notebook contains data relevant to saaples
obtained and split in the mass spectroaseter lab.

Te (Tzerp) - Time-zero is established at the time the voltage is applied to
the filament in the mass épectroneter. During data reduction, the
value of the peak being analyzed is extrapolated back to Ta using
either a linear or exponential fit for the reference peak. Ratios can
be extrapolated using linear, average, quadratic, or a cosbination of
linear and quadratic.

p -4
(=8
. ]
-
Py

Aliguot - At the start of this operation, all aliquot valves are
closed. Open the valve on saaple~-side of the aliguet. Allow the gas
to equilibriate (1-2 min.}. Close the sample-side valve. {QOpen the
system-side valve. Allow the gas tc equilibrate (1-2 ain.). Claose
system-side valve. If another aliquot ic needed, check that both
aliquot valves are closed, then repeat this procedure.

Evacuate intervening volume of (nased aliguot) - At the start of this operation,
both aliquot valves are closed and the sample system is being punmped.
Open the systea-side valve (1-2 ain.). Close the system-side valve.

Evacuate (named volumel - Open valveis) to the ion pump or Turbo molecular

puep. .

UNCONTROLLED
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Evacupte heliym fraction fros eass soectroseter - Open the valve to systes.or
sass 3pectroseter ion pump (2 min.). Close the valve between V, and
1/2Ves. Open the valve not opened previously, i.e. valves to both ion
pusps are open, but separated by the closed valve between V, and
1/2Vaa.

Expand gas from (volume 1) to (volume 2) - Open the valve between the two
named voluaes.

Getter to nV - The controller for the SAES getter is slowly increased to
the stated voltage.

Install (named cryogen) on Charcoal Trap No. (n) - The appropriate cryogen [either ligquid
nitrogen (LN3) or dry ice-alcohol (DI)] is slowly positioned around the
charcoal trap specified.

Install and leak test (using fore vacuum systemi - If Swagelok™ parts are
being joined, make sure all cones and nozzles are clean and that they
fit well before joining. If Lonflat®™ parts are being joined, make sure
knife-edges are clean and seooth, and use .a new, clean copper gasket,
Asseable the necessary cylinders and hardware as needed. Note the
actual configuration used in the Sample Measureaent Book. (This book
‘tan also be used for examples of how to asseable hardware.)

Once all fittings are tightened, isolate Baratron and evacuate on fore
puap (5-20 ain.). Open Baratron valve (Vy) and evacuate systea until a
pressure of 0 torr is achieved, this may take a few hours,

z

To perfore the leak test, close all valves up to the fore pump valve.
Note the closing pressure in the Mass Spectroseter Lab Notebook. Allow
the systeam to stand static over night, or for at least 4 hours.

Close fore the puep valve. Note the Baratron®™ pressure reading in the
Mass Spectrometer Log Notebook as each successive valve is opened and
allowed to equilibrate.

1+ pressures are relatively constant, the systea is sufficiently
sealed. Pusp the fully opened system with the fore pusp 10 - 15
ainutes before proceeding. If pressures increase rapidly with any
valve opening, it is necessary to retighten (or take other necessary
steps) and then repeat pump-down, etc. Professional judgement is
needed to deteraine i¥ the systea is adequately sealed.

Install and leak test (using ultrahigh vacuus systee) - Fittings are to be
asseabled and checked as for fore vacuum systesm.

Once the fittings are tightened, isoiate 1/2V.. from V.. With va oOn
turbo aplecular puep, very slowly open the valve to V. and evacuate for several
hours. .

UNCONTROLLED
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To perfora leak .test, close all valves external to V. valve, allow to
stand static for several hours or overnight. Note UHVY puap pressure,
then slowly open sach successive valve, noting pressure and svacuating
between steps. Professional judgesent is nesded to determine i¢ the
systea is adequately sealed.

Isplate gas in sass gpectroseter - Have mass spectroaeter and HP9B2S on line.
Settings are variable, but some typical values are:

Helius Neon Argon
Elec. Acc. Potential &5eV 45eV éJeV
Ion Acc., Potential 3000V Jooov 2000V
Elec. Mult. Potential 3.3 4,5 3.8
Heter Range 100V 100V 100V
HP9825 Coefficients c2 €2 Cl
Magnet Regulator 4.5 44.5 40.5

Isplate the mass spectromseter from the mass spectrometer ion puep.
Reduce the ion accelerating potential to OV. Set the ion gauge
pressure range to 10-*, Slowly open the valve to allow gas tc enter
sass spectrometer. (This valve will be one of the valves enclosing
Vi) While opening valve, observe the pressure on the ion gauge.
Professional judgement is needed at this point to determine if the
asount of gas is correct. Set the ion gauge control to the "Float’
position.” Allow the gas to equilibrate -- typical equilibration times
are:

Heliua 2 - 3 ainutes
Neon 3 - 4 ainutes -
Argon 4 - 5 ainutes

Isclate gas in (named volume) -~ Close all valves to the namsed volume

lsclate system from pumps - Close valvels) to ion pump or turbo solecular
pusp. Systes should be in a static (no pusping) condition.

Isolate (volume 1) from (voluse 2) - Close valvel(s) between two named voluses.

Log off HP1000 - Type "EX,SP" to exit the HP1000 and save all private
cartridges. The HP1000 will not allow the user to exit without saving
private cartridges.

Log on HP1000 - Press any key on the HP2448 tersinal. The HP1000 responds
with "BFEC/DOE HP-1000-->°". Enter the following "BONNIE.MSPEL™ {CR>,
The HP1000 requests that the user enter the "PASSWORD?"., The user aust
enter the appropriate password to coaplete the log on procedure.'

Measure (named gas) - After the gas has equilibrated in the mass spectrometer,
increase the ion accelerating potential to the proper vaoltage for gac being
analyzed (3000 for He and Ne, 2000 for Ar)., Press T4 {T.ere) function
(#7) on HP9B82S to establish time-zerp for the experiment,

UNCONTROLLED
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Adjust the magnet regulator and meter range to quickly scan the peaks being
analyzed. If pre-established ranges will not work, enter new ranges.

Press the "Search®” function (f20) and switch the sagnet regulator to external
sode. The balance of the run is under cosbined cosputsr and sanual

control; so perfora the steps as directed.

After the analysis, set the sagnet regulator to sanual sode and scan for
aass 2 for He and Ar analyses or sass 18 for Ne analyses. Record the
peak value and electrometer range in the Mass Spectroameter Log Book.

Set the ion gauge control to regulated sode and deteraine P., (mass

spectroseter pressure). Record this value in the Mass Spectrometer Log
Book.

Open valve to mass spectrometer ion puap. Clase the valve between 1/2V..
and V,. Return the saeple system to the pumping systea, reaove any cryogens
¢rom charcoal traps, and set the SAES getter to 5 volts.

Measure (named gas) using high sensitivity electromster - After the gas has
equilibrated in the esass spectrometer, increase the ion accelerating
potential to the proper voltage for_gas being analyzed (3000 for Ne).

Press Te (TLarwe) function ($7) on HP9825 to establish tise-zero for the
experiment,

Detersine the range scales of 3°Ne - 2iNe - 22Na geasureaents.

Record *°Ne - 22Ne - “°Ar - 44C0, ion currents on the Neon Analysis
fora (see figure 13). Center mass 20 peak by directing magnet
requlator to sass 20 (using s -B function on the HP9825) and adjusting
the source high voltage. Engage the high voltage switch lock. Check
centering of mass peak using m -B function (direct magnet regulator to
20,05 and 19.95). Retfine high voltage adjusteent, if necessary by
repeating steps 6-8. Start autoeated data acquisition by pressing
BEGIN. The balance of the run is under control; so perfore the steps
as directed. .

After the analysis, set the magnet regulator to sanual spde and scan for
easses 18, 20, 22, 40 and 44 and record an the Neon Analysis fore.
Set the ion gauge control to regulated mode and determine P.. (macs

spectrometer pressure). Record this value in the Mass Spectrometer Log
Book.

Open valve to mass spectrometer ion pump. Close the valve between 1/2V.a
and V,., Return the sample systes to the pumping systes, resove any cryogens
from charcoal traps, and set the SAES getter to 5 volts.

Perfors volume determinations - Close the valve between the expansion cylinders and
Veee. Close the valve to the fore puap. Note the Baratron® pressure.
Fill all expansion cylinders with nitrogen at atmospheric pressure.
Ciose all expansion cylinder valves. Now expand each successive
expansion volume to the Baratron®™, note its pressure, and then evacuate
the gas. Repeat this entire process three times making notes in Mass
Spectrometer Lab Notebook.

Freserve degacsced liquid - Any f#iuid resaining after the gegassing process is
transferred to a poly-bottle and labeled. A Samplp Ticket and Sample

. UNCONTROLLED
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i
Figure 43 Neon Analysis Fora

*0Ar-**co; Data
for

Neon Analysis

Sample

Date

Title

Electrometer readings at T,

ZDNe -

22Ne =

kOAr -

““C02=
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F
URCORTR: L 5

. I DOCUKENT

1 3H20 = -

zoNe =

Electrometer readings at T

22Ne =

kOAr =

I““COz =

4%co /?2Ne =
2

by

45



"BFEC MAS5 SPECTROMETER PROCEDURES CONTROLLED DOCUMENT
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Appendix D - CHOMP Options

Notation: #> is the proapt displayed by CHOMP, VYou do not enter it, but
begin entering the comsand after it is displayed. Only the first two letters
of each coseand are needed for recognition, but more say follow for clarity as
in the examples. In the examples below, UPPER CASE indicates literal values
entered in exactly as shown, while lower case denotes values of paraseters
which depend on what you want (e.g., numeric values). The tera “free-foraat"
asans numbers entered as you would read thea, separated by cosmas. Be sure
not to put a cosma between a cossand and the first paraaeter, but other
characters are okay {(except /). The tera "default®” seans what happens if you
don‘t enter soasething.

COMMAND USUAL CHOICES ACTION

#>CTRL-D Stop asking far options. Start reading
data.

#>AB Abandan jaob.

#)AUTO default Automatic deletion of points disabled.

This refers to the error flag on the
isotope code. Default is "enabled®.

+>DEL n,m,1,... not used Delete points #n, s, 1, etc. Limit of
20 points deleted per comamand, 73
total.

#+>DISCR 1u default Discrimination constants will be

obtained froa unit #lu. 1lu=S for tape
reader, 2 for disc (file). Default=0.
(0 means discrims.=1.0+0.0)

#;DRT default Dirt peak pages to be printed.
A dirt peak is a peak with the sase
mass to charge ratio, i.e. *°Ar* is
a dirt peak far 3°Ne-.
(Default, unless #>SUMM was entered)

#>DUNP Input data to be dueped (printed as
read). (Default, unless #>5UMM was
entered.)

+END Stop asking for options. Start reading
data.

+7EQ n,n not used Equivalence mass number a to isotope

code #n. Use a>0 to define isctopes
(ratios taken), m<0 for "dirt®, and
set a=0 to ignore the peaks.

+;FILE OUTPUT Store final results (i.2., summary

page) in an outpuf tiie, suitable far

UNCORTROLLED
DOCUMENT
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#>6AIN gl,92.,. default
#>INPUT
#LIN
#>NORN n

default

#+;PLOT n n=1

#>RATIO
*>REF

#>5UMM

#>TEST default

#3T1, your title

48
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input to FILER progras. (Default: no

file)

Set gain scales to factors g1 through
g8 for qgain codes 1 thru B,
respectively. These are entered in
free format. (Default values set in
segaent CHMP! to most recent values
seasured.) Caution: entry is limited
to 70 characters in length.

Input page to be printed, listing the
data as interpreted. {(Default, unless
#)SUMN was entered.)

Linear interpolation of reference for
ratio computations. (Default is
exponential.)

Noraalize all peaks to input resistor.
(Default is to use the most coamon
one.) Here n=l, 2, 3, or 4.

Plot as follows:

n=-1 No plots {(the default)

n=0 Plot reference only

n=] Plot reference and ratios

n=2 Plot reference, ratios and dirt.

Ratio pages to be printed. {(Default,
unless #>SUMM was entered.) .
Reference page to be printed.

(Default, unless #)SUNM was entered.)

Summary page only. Sumrmary page is
always printed. Default is to print
all others as well. Follow this
comsand with #>DRT, #>DUM, #>INP,
#>RATIO, or #)>REF to re-enable the
corresponding pages selectively.

Test printout (for debugging) is
requested. (Default is to suppress
it.)

Optional header for title at'top of
page. Autoaatic centered. Unly what
follows the first coenma is used.

UNCONTROLLED
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Appendix E - Naming Conventions and Typical Data Flow

The naming conventions listed here are suggestions only as they say not be

convenient to use for aany other asasuraents.

A. For Sasples
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The nasing conventions listed here are suggestions only as they say not b!h

convenient to use for many other aseasurasents.

B. For Calibrations
) "y ’4:[ NN
H1 v\vv‘nf\ NI L m v
| CHOM ¥ T
/ N\ J | J \; .
Ith‘\"“ Tarnnnm
OHwvnannm eﬁnnﬂh OQ“?““- | MOAMAL O. ) (Exp-)
Wn) G (L) ) by
28 " [ereel
YF\LE R - tc\‘“l"‘
Xiaw) L cocre e 4 & (o cacs
(no coctedisn “eXov (ewmce ) l/
4’ Canrnnn
&‘CL b 2N 2% 2% a *J(l;rxf\*\‘\ ,%

J, ¥

v

r Dot Re duc f‘,‘l\)ﬂe\oua\cs ¢ vronedd calcs.

/

—

i

UKCONTROLLED
DOCUMEKT

S0



’

< BFEC MASS SPECTROMETER PROCEDURES CONTROLLED DOCUMENT

Appendix F - Function Keys on HP9825

S=> Shifted functions

Key

10

11

14

-
w

(i.e., press shift
key and function

Description

Coeputes B {magnet setting) for given m (mass)

Print current B value )

Stopwatch function

Enter scanning rate

Start upward scan

Start downward scan

Asks for number of setup to be loaded

Establishes Time zero (To)

Start actual run

Perfora all necessary calculations. If the experiment is stopped
presaturely, this allows user to obtain the results for the

experiment up to time of stopping.

Initiate code to transfer files from HP9B2S to HP1000O for
eventual data reduction by CHOMP,

Record data currently in memory. Used for prematurely halted
experiaents.

Conpute m (mass) for a given B value (magnet settingi.
Perforn B vs a (magnet setting vs mass) calibration

Load first set of coefficients

Load second set of coefficients

UNCONTROLLED
DOCUMEHT
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16

17
18
19
20

21

Print title and file nuaber of data sets recdrded on HP982S data
tape

Reload user selected data file into sesory

List details of current set up

Allow user to enter and, optionally, record details of a new setup
Initiate search routine to find the centroid of a peak

List program constants of HP9825 to HP2448 te;ninal. This allows
progras editing on HP2448 before returning to HP9825

Computes mean and standard deviation for user entered values. Also
lists nusber of values and 957 confidence level standard deviation

Prints current values for a (mass) and B (magnet setting)

l URCORIRS: |
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Appendix G March 10, 1986
Handling of EWIP Records _Page 523
Appendix G - Handling of BWIP Records

1.0 Purpose

The following procedure details the steps taken to authenticate and
transmit records relevant to the BWIP project.,

2.0 Dofinitions

The nomenclature used in this procedure {is self-explanatory.

3.0 Procedure
1. Authenticate all records by dating and signing or initialing them.

2. Make two copies of each record relevant to BNIP and file them in the
file safe,

3. Do the following on the first working day of each month., (If absence
of lab personnel s expected on the first working day, the following
should be done before the first working day and upon return to
prevent from storing records more than one month,

b.

C.

d.

Obtain the Project Manager's records for the preceding month.

Write memos to the file explaining omitted pages in notebooks,
logbooks, and/or CHOMP files that were omitted because they were
not relevant to BWIP,

F111 out and sign "Records Transmittal" form.
Transmit 21l records, memos, and transmittal forms to the QA

Coordinator for confirmation. The OA Coordinator will transmit
the records to Rockwell Hanford Operatfions.

4. F1ile signed copy of ™Records Transmittal™ form.

UNCONTROLLED |
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Table 1
Information entered in the Mass Spectrometer Log Book

1. Baaple

2. Baritron Pressure (if applicable)
3. Reservoir / Aliquot
4. Fraction of sasple
S. Multiplier Gain

é. Set up nusber (9823)
7. Title (9825)

8. Data file (9825)

9. Data file (2648)

10. CHOMP file
11, Pas - Mass Spectrometer Pressure (if applicable)
12. Cryogen

13. Cosaents - aperator y
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/United States Government

Department of Energy

memorandum

DATE:

SUBJECT:

TO:

December 2, 1986

DATA, ISOTOPIC STUDY NOBLE GASES PALO DURO BASIN BRINES

Jo-Ann Sherwin, Chief, Site Evaluation, SRPO/Columbus
\

Copies of the figures and tables from the report on the "Isotopic Study
of Noble Gases in Palo Duro Basin Brines", and an uncontrolled copy of
the technical procedures which were utilized are being forwarded to

Susan Heston at her request. Also, attached is Charles Jones'
transmittal letter. '

- 7 3
R. Eldon Bray
Project Engineer

Attachments:

As stated
cc: K. Falconer - UNC
S. Heston - SRPO
C. Jones - UNC
B. Mukhopadhyay - ONWI
i12-2mem/bray :.
€

LA

\Q//pﬂq

Grand Junction Projects Office
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UNC Technical Services Inc.

PO Box 4000

2597 8% Road

Grang Junction, Colorado  B1502-5504

303/242-8621

November 28, 1986

Mr. R. Eldon Bray

Project Engineer

Department of Energy

Grand Junction Projects Office
Grand Junction, Colorado 81502

Dear Mr. Bray:

SURJECT: SRPOs REQUEST FOR DATA AND TECHNICAL PROCEDURES FROM ISOTOPIC STUDY OF
NOBLE GASES IN PALO DURO BASIN BRINES '

Attached are copies of figures and tables that contain the data requested. As
requested by Ms, S. Heston, SRPO, by phone on November 24, no text or
explanation is included; just data.

Also attached is an uncontrolled copy of technical procedures used to analyze
the water samples and obtain the aforementioned data.

Sincerely,

Charles A. Jones
Director
CRWM Projects Division

CAJ:ab
Attachments: (2)
cc K. Falconer (w/data only){LY
Riddle (w/data only)
Zaikowski (w/data only)
Spangler (w/data only)

P> O
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Table 4-1. Helium and Argon Data for Individual Brine Samples “?'\'&? & -
Well Sampled/Zone No. Formation and 4He LYY 38 a0 4040 A
Semple Type Perforated .5 ecm3STP \A .2 emISTP Ar Ar .5 emIsSTP He
: 10 o) 10
P Method e ( cmIfioid J\  cm3 fluid ) FFar  Far ( em3 fluid ‘°A")
Sawyer #1/Zone 4 Granite Wash -
1. 50-cm? Cylinder 4258-4342 1786 29.9+0.6 0.188 1564+16 37.7 4.71
Mercury Transfer 178+6 +0.003 1557%£15
8 May 1982
Sawyer #1/Zone S Wolfeamp
2. 25-em3 Cylinder 3172-3190 228+9 16124 0.185 433+6 19.4 11.5
Mercury Transfer 223%9 15814 +0.003 42616
14 June 1982 21949
Mansfield #1/Zone 1 Wolfcamp
3. 25.-cm3 Cylinder 4818-4890 361+13 B5.4+3.5 0.173 695+8 333 10.8
Mercury Transfer 356+13 +0.007 686+8 .
27 August 1982
4, 25-¢m3 Cylinder 27911 40.9£1.6 0.184 74447 18.3 15.3
Mercury Transfer +0.005
27 August 1982 )
Mansfield #1/2Zone 2 Wolfcamp
5. 25-cm? Cylinder 4514-4638 544114 158%7 0.179 56716 43.0 12.6
Mercury Transfer +0.006 555=6
30 September 1982
6. 25.cm3 Cylinder 155+15 66.416.5 - 554+5 171 9.1
Mercury Transfer
1 October 1982
7. 10-cm? Cylinder 1869 §1.1£2.0 0.182 788*8 25.2 g@f“
Flow Through +0.006 R\)\( !
29 September 1982 B
Zeeck #1/Zone 1 Pennsylvanian
8. 10-cm? Cylinder Carbonate 162=8 25.2+1.3 T 0.184 486%6 4.89 33.1
Fiow Through 7140-7230 +0.005 494+6
7 December 1982 0.212
=+0.025
9. 675-¢m? Cylinder 45 243+25 25.8£2.6 - 0.186 4986 5.31 45.7
Mercury Transfer 26.6£2.7 +0.005 497%6
17 December 1982
Zeeck #¥1/Zone 2 Wolfcamp
10. 675-cm3 Cylinder #4  5603-5640 68.0£7.0 82.0+8.5 0.184 34615 4.00 17.0
Mercury Transfer +0.005 333%=5
19 January 1983
11. 675-c¢m3 Cylinder 45 92.4£9.2 76.1+£7.7 - 353+5 4.34 21.3
Mercury Transfer
20 January 1983
Zeeck #1/Zone 3 Wolfcamp
12. 10-¢m? Cylinder §470-5550 367+35 75.3+£7.6 0.188 488%5 15.6 23.1
Field Split 355%35 +0.005 51816
§ March 1983
13. 10-cm? Cylinder 211+21 - 0.189 5098 - -
Flow Through =0.035
28 February 1983
14. 10-cm? Cylinder 328435 70.8+8.0 - 56916 18.3 17.0
Flow Through -
28 Februery 1983
Friemel #1/Zone 1 Granite Wash
15. §75-¢m3 Cylinder #5 8168-8204 - - - 1929435 - -
Mercury Transfer
7 July 1983 . 1
16. 25-¢m3 Cylinder 514+40 44.6+5.0 - 1662+30 60.9 8.44
Field Split 513t40 49.7+5.0
6 July 1983
17. 25-em? Cylinder 461125 38.5£3.0 - 2084+30 69.4 6.65
Flow Through 2099£30

5 July 1983




18

" Table 4-1. Helium and Argon Data for -l-naivid.ua_l Eri.ﬁé Slé\.r}lpleé.(i:.or'{tini:éd')'

-

Waell Sampled/Zone No.
Sample Type
Ssmpling Method
Date Collected

Formation and 4He

384,

em3sTP \

Perforated 10°8_em3 STP \Ao"
em? tiuid J\

intervsl
{feey)

em3 fluid /

38,,
Ar

404,
Ar

405,

] 4He
o-S_cm’ STP -
em fluid Ar®

Friemel ¥1/Zone 4
18. 675-cm3 Cylinder ¥5

Mercury Transfer
10 September 1983

19. 25-cm3 Cylinder
Flow Through
7 September 1983

20. 25.¢m3 Cylinder
Field Split
8 September 1983

Friemel #1/Zone 6

21. 675-cm3 Cylinder #5
Mercury Transfer
9 November 1983

22, 675-cm? Cylinder #2
Mercury Transfer
10 November 1983

23. 25-em? Cylinder
Flow Through
7 November 1983
24. 25-em? Cylinder
Field Split
9 November 1983

. Friemel #1/2one 7
25. §75-em? Cylinder #5
Prepump Hg Trans.
21 November 1983
26. 25-cm? Cylinder
Flow Through
1 December 1983
27. 25-cm? Cylinder .
Flow Through
5 December 1983
28. 25-cm?3 Cylinder
Flow Through
18 January 1984
29. 675-em? Cylinder #5
Mercury Transfer
24 January 1984
30. 675.¢m3 Cylinder #2
Mercury Transfer
24 January 1984
31. 25-ecm? Cylinder
Field Split
23 January 1984

Mansfield #2

32, 875-e¢m3 Cylinder 45
Mercury Transfer
23 June 1983

Granita Wash

7890-7904 267220

187%18

§89+60

Pennsylvanian

Carbonate 269220
7300-7326
240125

42028

423+38

Wolfcamp
5825-5926 20.9+2.1

§23+35
808x81
204+25
292£30

473145

Seven Rivers
740 2.05+0.22

$0.6%2.5
36.5%3.0

264225

100=5
79.424,5
78.7£4.5

117£10

1066

88.7£8.0
83.828

62.6£6.5

137£13

79.7+6.8

0.186
+0.008

0.218
0.030

0.184
+0.005

0.200
+0.010

1869125
1870%25

‘61812

832212
98413
112315

697£10

§71£10
764%15
80012
954%11
949211
759£10

833x11

685%10

3047

79.6 3.35

57.3 3.26

88.8 6.63

53.7 5.00

£4.6 4.40

65.0 6.46

47.0 9.00

28.0 0.72

39.1 134 °

55.1 147

32.2 6.32

§33 8.87




Table 4-2. 20Ne and 36Ar in Individual Brine Samples
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Wil Samptled/2one No. Formation and 20N, 36, 20 [} :ON'C “"c 20
Sample Type Perforsted $em3 sfp) 8 em3sTP Ne .8 em3 STP .8 em3STP Ne
10 10 -=5.—) (10 10 -
Damping Mathod "l':::‘,'," ( em? fiuid em? fluid Ar )m em? fluid em? ﬂuid)( Ar ) c
Sawyer ¥1/Zone 4 Granite Wash
1. 50-cm? Cylinder 4258-4342 8.45 29.9 0.316 - - -
Mercury Transier + 1.80 + 0.6 +0.051 A
8 May 1982 g\
Sawyer #1/2Zone 5 Wolfcamp ‘)%p\
2. 25.¢m? Cylinder 3172-3190 28.1 158 0.178 - - -
Mercury Transfer 5.6 + 3 +0.030
14 June 1982
Maansfield #1/Zone 2 Wolfcamp .
7. 10-cm? Cylinder 4514-4638 23.8 66.4 0.359 [7.28]) [34.8]) -
Flow Through + 25 * 6.7 +0.070
29 September 1982
Zeeck #1/20ne 1 Pennsylvanian
§. 675-cm? Cylinder #5 Carbonate 5.72 26.6 0.215 - - -
Mercury Transfer 7140-7230 + 0.80 = 2.7 +0.037
17 December 1982
Zeeck #1/Zone 2 Wolfcamp
10. 675-¢m? Cylinder ¥4 §603-5640 18.6 22.0 0.202 [1.54]) [80.7) -
Mercury Transfer . + 2.8 * 95 +0.032
19 Janvary 1983 !
11. 675-cm? Cylinder #5 22.4 76.1 0.294 - - -
Mercury Transfer + 3.3 * 7.7 +0.047
20 January 1983
Zeeck #1/20ne 3 Wolfcamp .
14. 10-cm? Cylinder §470-5550 17.0 70.8 0.241 - - -
Flow Through = 1.7 + 8.0 =0.036
28 February 1983
Friemel ¥1/Zone 1 Granite Wash )
16. 25-cm? Cylinder B168-8204 26.0 47.2 0.551 20.0 35.7 0.560
Field Split + 21 + 71 +0.127
6 July 1983
Friemel #1/Zone 4 Granite Wash
19. 25-cm? Cylinder 7890-7904 8.03 36.5 0.220 - - -
Flow Through + 0.72 + 3.0 £0.044
7 September 1983
Friemel #1/Zone 6 Pennsylvanian
21. 675-cm? Cylinder #5  Carbonate 17.2 100 0.171 [-1.22) [65.0)
Mercury Transfer 7300-7326 += 1.2 + 5 +0.022
9 November 1883
23. 25-ecm? Cylinder 19.2 78.7 0.244 - - -
Flow Through + 1.5 + 45 +0.029
7 November 1983
Friemel #1/Zone 7 Wolfcamp
27. 25-cm? Cylinder 5825-5926 49,5 883 . 0559 [38.2) (66.9]
Flow Through * 4.0 + 8.0 +0.095
5 December 1983
28. 25-cm? Cylinder 50.8 83.8 0.606 (29.7) [83.8] 0.355
Fiow Through + 46 + 7.6 £0.109
18 January 1984
29. 675-cm? Cylinder #5 22.2 69.6 0.318 {11.4] [49.0]
Mercury Transfer + 24 + 6.5 +0.060
24 January 1984
30. 675-cm? Cylinder #2 245 - - - - -
Mercury Transfer + 2.5
24 January 1984
Mansfield #2 ' Seven Rivers
32. 675-cm? Cylinder #5 740 22.9 79.7 0.287
Mercury Transfer + 25 + 6.8 +0.040

23 June 1983

#The values for (2ON8/38Ar),, are those detsrmined for some of the brines in Table 1. The corrected values for 20Ne_ and 35Ar, (in
brackets) were calculated assuming that variations of OAr/36Ar are due to air contamination of the samples. The low values of 2°Nec for

samples 10 and 21 indicate that this assumption leads to a correction that is too large. The valus for sample 28 was corrected for mass
fractionation of 20Ne, assuming that phase separation has snriched both “He and 2CNe by the same factor {1.7) relative to sample 31 (8
field split). Because this correction assumes no He diffusion from sample 28. the 20Ne, value of 29.7 is the maximum possible for the
Wollcamp at the J. Frieme! site.
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Table 4-3. 2°Ne and ¥Ar in Brines and Comparison Compositions

20
Well Formation 2°No {a) ”Ar {a) -3%3-
. - 4
Sawyer #1 Granite Wash 9.45+1.90 299+ 0.6 0.316 £ 0.051
Wolfcamp 2B8.1x65.6 158+ 3.0 0.178 +£0.030
Mansfield #1 Wolfcamp 23.8+25 66.4 £ 6.7 0.359 £ 0.070
Zeeck #1 Pennsylvanian 5722090 26.6 £2.7 0.215+0.037
Carbonate
Wolfecamp 17.0%1.7 70.8+8.0 0.241 £0.036
J. Friemel #1 Granite Wash 26.0%x2.1 47.2+7.1 0.551 £0.127
{Zone 1) N
Granite Wash 8.03*0.72 36.5+£3.0 0.220+0.044
{Zone 4)
Pennsylvanian 17.2%1.2 1005 0.171 £0.022
Carbonate _
Wolfcamp 22.2 69.6 .0.318 £0.060
Mansfield #2 Seven Rivers 22925 79.6+6.8 0.287 £0.057

Corﬁparison Compasitions (b)

Water {0°C} 20.36 " 167.0 @@?}@.121

Water (26°C) 16.03 93.5 0.171
Seawater (24°C) 13.57 74.3 0.183
Saturated Brine (29°C) 4.46 17.6 0.253

420Ne and 34Ar are in units of 10°% cm? STP/em? fluid. :
Noble gas solubilities from laboratory solubility data [Weiss, 1970; Weiss. 1971; Morrison and Johnson, 1854; Smith and Kannedy, 1983)
and air composition (Nier, 1950; Eberhardt et al., 1565). .

Table 4-4. *He and *°Ar* in Brines

Woell Formation ‘Hc {a) 40ppe () R’
Sawyer #1 Granite Wash 179 37.7 . 4mn
Wolfcamp 228 19.4 ° 115
Zeeck #1 Pennsylvanian 243 5.31 45.7
Carbonate
Wolfcamp 361 15.6 23.1
J. Friemel #1° Granite Wash 514 60.8 8.44
(Zone 1)
Granite Wash 589 88.8 6.63
(Zone 4)
Pennsylvanian 423 47.0 @\% 9.0
Carbonate Q
Wolfcamp 473 563.3 8.87

4o and *Ar* in units of 10°% em? STP/em? fluid.



Table 4-5, Helium and Argon in Core Samples

r"" s;’“"}'d/ Extraction e o 38y, 10, 4O 4, ,
ormation r e
Zone Number/ Rock Type Tomr:é'lmn (1 ot emd STP ) (104 emdsTP "ﬁ; (1 o emd STP ) T‘Ty'- .
Depth {feet) g ] [}
Sawyer #1 - Carbonate 775 3.7 *04 <0.80 466+ 8 0.13+0.02
Wallcamp 1200 <0.03 + <0.80 300+ 4 —
Zone HS '
3178
Totals 3.7 04 0.13+0.02 28

Zeack #1) Carbonate 1300 24 03 <0.90 444+ 8 0.13+0.01 19
Wollcamp
Zone H2
5612
Zeeck M1 Shale 1200 24 £03 1.08+0.11 3770+ 43 3.75 £ 0.42 0.64
Wollcamp
Zones 2 and H3 .‘Q
5573 fﬁ
Zoeck M Shale 150 '37‘ 265+ 12
Wollcamp 300 Q 467.% 39 N
Zones H2 and #3 600 2957+ 34
5573 900 4709 £ 57

1100 5673 % 283

1400 1033+ 74
Zoack M Shale 1400 1.3 £0.2 . 5.70 0.228 )
Wollcamp
Zones #2 and #3
5573
Friemel #1 Arkose 1400 8669 +6.7 120 *1.2 5.58
Granite Wash
Zone #1
8180
Friemel A1 Arkose 150 —
Granite Wash 400 470 14
Zone M1\ 800 3339+ 863
8180 700 8873+ 204

900 6854 % 109

1100 16670 + 953

1300 9898 + 290

1400 1386+ 22
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Table 4-6. Chemical Composition and R, Values for Rock Samples

Well Sampled/ Formation/ Rock Type/ 238y, 232qy, ‘OK R
Zone Number Depth (feet) Sample No.” we/a) wre/9) (wt. %) f
1
Sawyer ¥1
Zor:veyﬂs .
Wolfcamp Carbonates
3178 MMP 250° 1.1 0.4 0.096
3182 MMP 251° 0.9 0.49 0.070 &3
3188 MMP 252° 2.6 0.5 0.072
3178 - MMP 250°* 0.11
Mansfield #1
Zones #1 and #2 .
Wolfcamp Carbonstes
4515 MMP 253 3.2 0.53 0.11 94
4532 MMP 254° 2.7 0.81 0.16 54
4567 MMP 255° 3.0 0.44 0.06 155
4638 MMP 256* 1.5 0.22 <0.03 >155
4865 MMP 257° 2.4 0.16 <0.03 >244
4532 MMP 254°* 0.21
4881 MMP 258°° 0.05
Zeeck #1
Zones #1 and #2
Wolfcamp Carbonates
5481 MMP 259 a8 77 0.30 40
5500 MMP 260 2.0 0.20 <0.03 >205
5611 MMP 263* 3.5 .77 0.26 43
5481 MMP 259°* 0.33
N 5611 MMP 263** 0.10
® Wolfcamp Shales
5574 MMP 261° 3.2 134 4.1 4.7
. 5580 MMP 262* 1.8 8.9 4.2 2.8
5630 MMP 264* 2.7 4.5 1.8 6.3
5660 MMP 265° 2.3 6.5 r24 4.8
5679 MMP 266° 2.0 8.9 a3 38
5574 MMP 261+ . 4.46
Western Various 81 Samples .
Panhandle Carbonate to
{Pierce et and °
al., 1964) Arkose *
Lithologies
Literature Various Shales 3.7 12 2.6 7.
Survey of . Limestone 2.2 1.7 0.27 28
Rock Types Sandstone 0.45 1.7 1.1 2.3
{Bowen, 1875)
Literature Various Carbonates, 0.01 A “ <1073
Survey and Shells, to Q&x 1o
Independent and 7.5 » 0.46
Analysis ) Coral
{Zartmann et
al., 1861}

#5ampie numbers correspand to those contained in reports with petrographic descriptions (Fukui and Dayvault, 1986.)
*Composition determined using counting methods described by J. C. Lsul (1984).
**Composition determined using wat chemistry methods described by N. Korte (1984).
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Figure 5-1. Isotopic systematics for 2056 and 20ye/36Ar 1n a system where the Ne and Ar are dissolved in
fresh water, sea water, and brines of varjous compositions, and over a range of temperatures

for each salinity.

Analytical data are shown for brines from the Sawyer #1 and Zeeck {1 wells. |
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Figure 5-4. Porosity, K» U, and Th concentrations fram down~hole wire-line
gamma-ray geophysical logs of the well and porous zones
(perforated zones) from which brine samples were collected.
The perforated zones are indicated by the black bands (see
Livingston et al., 1984, for the detailed results). The R¢
values measured {n the brine samples are.shown for comparison
with the R, values, which were obtained from the (UtTh)/K data.
The vertical axes show the depth of the.porous-zones and the
relative (and absolute) thickness of the porous zones and
adj acent strata.
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Table 5-1. Parameters Used for Binary Models of Bri
From the Palo Duro BasintYTex%se s of Brines

Lithology R Th/U (1744 vRA“
. Carbonate 80 1.0 . 242 x 10
Arkose 7.5 4.0 1.27x 104 .

Table 5-2. Results of Residence-Time Célculaﬁons for Palo Duro Basin Brines

.

in Millions of Years

Quasi-Static Model Inherited ‘He Models

Formation/ " OneFluid Simple ‘He Binary Resolution
Well Sampled/ One Lithology Subtraction . of Arkose and
Zone Number {carbonate) © Using “Ar® : Carbonste Brine
Pennsylvanian . . -

Carbonate. .
Zeeck #1 230 Y\ 207 222
Zone X1 DW -
Wolfcamp .
Zeeck #1 347 302 dJes
Zone %3 .
Wolfcamp
Sawyer #1 218 109 136

Zone XS




