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Estima »n of total Criteria and Toxic Air Pollutants (WAC
173-400 & 173-460) with the potential to be released du 1g the
venting of Tank 24 -Z-361

The following calculations are intended to be worst case bounding estimates of the
amount of compounds and classes of compounds (e.g, total VOC's and NOx) contained
within Tank 241-Z-361. The estimates are not intended to reflect what is actually in the
tank since data to accurately predict the actual amount and release rates of the
compounds and classes of compounds is not available. The actual amount of the
identified compounds are expected to be significantly less since transfers to the tank were
performed with low pressure steam (temperature > 230 F), conservation of mass principles
were ignored (e.g., available nitrogen to produce estimated quantity of NOx was also used
to estimaten  imum quantity of ammonia, the sludge is actually 33% liquid although the
calculations assun 100% liquid, and finally, the salt strength of the solution was not
taken into account. As the salt strength increases, the solubility of organic compounds
generally decreases; thereby, the total amount of organic compounds in solution actually
decreases (Environmental Organic Chemisty, by Schwarzenbach, Gschwend and Imboden,
and Chemical Properties Handbo« by Carl Yaws).

Constants and definitions not defined in MathCad.

ppm :=_1'i—m 0 water 1= .9970c15-_g“_‘2 T:=(273 +25)K
1-107-gm ' cm’
.3
P:=1-atm R aq:=82.057vmm'Crrl mg :=1v10'3-gm pg:=1-10’6‘gm
gas mole-K
11 1
MW 390 :=(2-1.0079 + 15.9994). & MW 150 = 18,0150
mole mole

Assume sludge is 100% by volume of low salt strength water:

Volume liquid = 20000-gal Volume vapor = 25000-gul



For Carbon Tetrachloride (CCl4), H = Henry's Law Constant:
(Reference: Handbook of Physical Propetrties of Organic Chemicals, CRC Press)

MW g :=(12.011 + 4.35.453). gm MW g = 153.823 o EM
mole mole
3
Heepu :=2.76~10'2-atm'm Dilution_Factor cCl4 :=w
mole 2353
mole

C CCl4_illitiﬂl :=.0024. liter DillltiOll_FaCtOl‘ CCl4 =0.133
ial Ca n Tetrachlh concentration from 15540-92-CAB-0

moles o 0 F Volume liquid'C CCl_ir™~ --Dilutio~ Tactol ‘14

moles CC14__lqu1d = 24.247*mol

moles ~eig 1

. quid 2o mole
Cecu == — Ceciq =032
id m
- -3
Pcc =Heeu © cou Pecg = 884010 7 eatm

moles . P ccl4- Volume
S CCl4_vapor =
) R gas'T

vapor

moles CCl4_vapor = 34.21 emole

WECCldtotal = (MOIeS CC14_tiquid t MOIES o4 vapor) MW cCld

| —on b
Wtecld_total = 19-82°Ib SQE i =20






I Acetic Acid (CH3COOH), H = Henry's Law Constant, S = Total Solubility:
(Reference: Hanc ok of Physical Properties of Organic Compounds, CRC Press)

MW g =(212.011 +4:1.0079 +2:15.9994) 52 MW 4 4 = 60,0525
mole mole
: 7 atm-m’
Hpp 210010722

Since acetic acid ;associates in water, base estimation on reported pH of tank assuming
contribution is attributed solely to acetic acid.

le -
pH:=4 H,, = 10777 ™70 Hy =104
1iter liter
PK, Ap =476 (CRC indbook of Chemistry & Physics, 78th Edition)
o1 PKa A -5
Kg ap:=107 77 Kg ap=173810
H. \? -
Acetic_Acid :=__<_ﬂ_ Acetic_Acid = 5.75410 4 mole
K mole liter
a AA™T
- liter

moles AA ] idT Acetic_Acid-Volume liquid moles AA_liquid = 43.566 emole

moles :
AA liqu -4 mole
C 1= = C = 5.754+10 °
AA volume liquid AA liter
P asi=HAAC P an- -8
AA THAAL AA AA = 5.754°10 °atm

P AA‘Volume vapor

R gas'T moles AA_vapor = 2.22710

4

moles o= :
AA_vapor emole

WUAA total = (mO0les Ax Tiquid +m0les A p vapor) MW Ap

Ib
WE AA_total = 5-768°Ib SQE pp :=10500-—

T






For Acetone (2-Propanone) C3H60, H = Henry's Law Constant, S = Solubility in water by
weight: (Reference: Handbook of Physical Properties of Organic Chemistry, CRC Press)

. gm . o am
MW A cerone 1= (3-12.011 +6-1.0079 + 1:15.9994)- MW 4 corone = 58.08
mole mo]e

3
atm-m

o -5
HAcetone :=3.97-107"-
mole

Assume that the laboratory consumed 50 gallons of acetone per year and u  ormily discharged
quantity into the total volume of 2,353,000 gallonsay.  out the 241-Z-361 tank.

Volume A etone = 50-gal Flow  tey,) :=2353000-gal
= 7899. 20 el
P Acetone ‘= '7899'—_3 P Acetone = 692
cm gal
. 3 . : 5
Weight Acetone 1= VOlUme Agetone P Acetone Weight pcetope = 1:495¢107 egm
Weight -
CAcet == Acetone C Acetone = 1:094¢10 3 mole
“  Flowrate MW al
total Acetone g
moles Acetone_liquid *= C Acetone’ Volume liquid
— - ° _5 o
P pcetone = H Acetone © Acetone P Acetone = 1.147°10 atm
P ‘Volume
N ._ Acetone vapor
moles Acetone_vapor "~ R T moles Acetone_vapor = 0.044 emole
gas’

moles Acetone_total -~ <m01es Acet : liquidt moles Acetone_vapor>

moles Acetone_total = 21.924 emole

] . — .
Wt Acetone_total = moles Acetone_total'MW Acetone

b
Wt Acetone_total ~ 2.8¢lb SQE Acetone =43 ‘7_1.









For Ammonia (NH3) and NOx assume produced from the conversion of NO2/NO3. From
HNF-19:  the total N available is based on 2 M NO3 and 0.01 M NO2 from process (tal  4)
which is 86,000 gallons/yr out of 2,350,000 gallons/yr to the tank.

=(24 Ol ).mole 86000

N —
liter 2350000

‘Volume liquid N = 5568.9 emole

available * available

1
MW 3 1= (1-14.0067 +3-1.0079) &
mole

n o men Ib
NH3 =N available'MW NH3 NH3 = 209.088 °lb SQE NI_I3 = 17300;—1-

For NOx assume in the form of NO2:

MW g i= (1-14.0067 + 2-15.9994) &2
mole

NO2 :=N ;b MW 9 NO2=564825¢b  NO2=0.282¢on

The exemption threshold level for nitrogen oxides is 2.0 tons/year [WAC 173-400-110-(5)(d)).

For Hydrc oric Acid, did not have a Henry's Law Constant for; however, HNF1989, Table 6
reported a fluoride concentration of .004 gram/liter in the sludge. Assume all fluoride in the form
of HF.

MW p; :=18.9984 £ MW pq 1=(1.0079 + 18.9984). &1
mole mole
MW _ s
C oy =004 EL. v Cp=4212010 0 o0 Cpqp = 3.515010 ° 10
liter MW F liter gal
WUHF total =€ prVolume yiquig WU _torag = 0703l
S :
SQE = 175— (SQE is based on as F)
-



For alpha-Naphthylamine (1 -Naphthylamine, C10H9N), } Henry's Law Constant:
(References: Handbook of Physical Properties of Organic Chemicals & CRC Handbook of
- Chemistry and Physics, CRC Press) '

MW 1= (10-12.011 4 9-1.0079 + 14.0067) £ MW, o = 143.188 52
P mole P mole
. gm
P paph ‘= 1:0228 — - b

p en® P naph 8.536 "
The source of alpha-Naphthylamine is the oratory. + ume that 50 gallons of
alpha-N: thylamine was used per year.
Volume naph *= 50-gal

Volume naph'p nanh
MW
. naph
C = -4 mole
naph 2350000 gal Cnaph = 152010 = o
moles naph_liquid :=C naph~Volume liquid moles naph_liquid = 11.506°mol
7 atm-m3
Hnaph =4.64.107"
mole
. -8
P haph = H haph'© naph P haph = 7:052¢1 0" ecatm
P -Volume

) _ " naph vanor i ~ aod

moles naph_vapor = moles naph_vapor = 2.729 1(? smole
gas

moles naph_total -~ (moles naph_liquid t moles naph_vapor)
moles naph_total = 11.506 *mole
Wt naph_total *=™0!€S naph total MW naph
Wt naph_total = 3.69lb There is no SQE limit for alpha-Naphthylamine
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For Tetrachloroethene (C2CI4), H = Henry's Law Constant, S = Solubility in water by weight:

(Reference: Handbook of Ph  :al Properties of Organic Chemistry, CRC ress)

, o , - om _ . &m
MW cocpsi=(2 L01144:35.453)  — MW (9cyq = 165.834
mole mole
2 atm-m3
H 4:=1.72:107% . 2 mg
C2CH mole S CoCl4 :=2.00-10 E
ol _Scacg Volume a5
27C14 liauid °~ - — .
C2Cl4_liquid MW oo moles 0oy _fiquid = 91-306°mol
moles P
. . Y C2CI4_liqud -3 mole
Ccaci g Ccacig = 1:206°10 7 o
olume llqllld 1er
Peacis =Heac1s € cacis P cocyg = 0.021 eatm

P cryg-Volume

moles ¢7¢14 vapor =— e
eV R,.T

moles C2Cl4_vapor = 80.28 smole
gas’

moles CoClytotal = (MO1ES ©2€14_liquid + MOIES C2C14_vapor)
moles C2Cl4_total = 171.586 emole

WLCoC1_total =MOles cocl4 total MW c2c14

, b
Wteacis total = 62710 SQE oy =500 —

yr

11
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For Toluene (C7H8), H = Henry's Law Constant, S = Solubility in water by v  jht: (Reference:
Handbook of Physical Properties of Organic Chemistry, CRC Press)

. ) gm _ . Im
MW Toluene :=(7-12.011 + 8-1.0079)- MW Toluene = 92.14
mole mole
3
H 12664107 At - 2 mg
Toluene mole S Toluene = 3-26:107——
liter
mole . S 'l‘oluene'VOI”lme lianid
oles SIS - -
Toluene_liquid MW T, 1es Toluen - Hquid = 432.195*mol
moles -
. Tohiene limud -3 mole
C Toluene = v C Toluene = 2-709°10 = o——
olume liquid liter
Proluene “HT.  ene’C Toluene P Toluene = 0-038 catm
P -Volume
. ._~ Toluene vapor .
moles Toluene_vapor -~ T moles Toluene_vapor 146.699 emole
gas’

moles Tolyene total -~ (molcs Toluene_liquid + Moles Toluene_vapor)
moles Toluene_total = 578.894 emole

Wt Toluene_total MO Tojuene total MW Toluene

b

Wt Toluene_total = 117.6°lb SQE Toluene := 43748-;
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For Xylene (C8H10), H = Henry's Law Constant, S = Solubility in water by weight: (Reference:
Handbook of Physical Properties of Organic Chemistry, CRC Press)

- gm ) . gm
MW Xylene =(8:12.011 + 10'1.0079)-111016 MW Xylene = 106.167 —
3 '1tm~m3
H Xylene =7-5310° 2 (P-isomer, bounding)
mole
Sy 4= 1.78-102-l_nl.g_ (O-isomer, bounding)
' } iter

S Xylene' YOIUME fjquid

moles Kylene_liquid =

MW Xylene moles Xylene_liquid = 126.933emol
moles .. P -
. . ylene_liquid . _ 3 mole
C Xylene = Vol C Xylene = 1-677°10 °1. -
olume liquid iter
P Xylene -~ H Xylene’c Xylene P Xylene = 0.013 =atm
P roluene Volume (.40
i . por i _
moles Xylene_vapor =+ " T moles Xylene_vapor = 146.699 emole
gas’ -

moles Xylene_total -~ (mo]es Xylene liquid * moles Xylene_vapor)
moles Xylene_total = 273.631 emole
Wt Xvlene_total -~ moles X_vleneﬂlolul'MW Xylene
W = 640t SQE =437 o

UXylene total = 0410 Q Xylene =43 48';‘1_
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For 1,2,4-Trichlorobenzene (C6H3CI3), H = Henry's Law Constant, S = Solubility in water by
weight: (Reference: Handbook of Physical Properties of Organic Chemistry, CRC  ress)

MW |541cp = (6-12.011 +3:1.0079 + 3-35.453). & MW |547cp = 181449« E2
mole mole
3 'nm-m3
Hypgrep=1 +107
mole
1 mg

Iiter

S 1241CB Volume 1jq,ig

moles 1 24TCB_liquid -~

MW 24TCB moles 124TCB_liquid = 20.445=mol
moles 124TCB _liquid -4 mole
C1241CB = = C 1p4TCR= 27710 " o2
Volume liquid liter
— . -4
P1oateB =H1241CBC 124TCB P1o41cp= 383510 ° catm
P 124TCB~Volume va .
. e por . -
moles 124TCB_V11P01' = R T moles 124TCB_vap01' = 1.484 emole
gas’

moles 124 TCB total = (MO1ES 124TCB_liquid + MOk 124TCB_vapor)
moles 124TCB _total = 21.929 smole

WUI24TCB total =108 124TCB_total MW 124TCB

‘ b
Wt124TCB total = 88°I SQE |947CR = 17300;
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. For Tributyl Phosphate [(C4H90)3PQ], H = Henry's Law Constant, S = Solubility in water by
weight. (Reference: Handbook of Physical Properties of Org: ¢ Chemistry, CRC Press)

= n 1
MW 1pp :=(12:12.011 +27-1.0079 + 4:15.9994 + 1:30.9738)- &L MW 1pp = 266.317 o &0

mole mole
7 'ltm-rn3
I‘I TBP = 15010 . anle STBP =28102Lﬂ§
liter
S rrp-Volume y;,,i4
moles TBP liquid * moles TBP "quic 79.598emol
moles _
. . TBP_liquid -3 mole
CTBP— CTBP= 1051'10 ®, -
Volume liquid liter
= = [ —7 o;
Prpp =H1ppC 1BP Prgp= 15772107 =atm

P TBP" Volume
R T

vapor

moles TBP_vapor = moles TBP_vapor = 6.103-10._4 smole

gas’

moles TBP_total = (moles TBP _liqu t moles TBP_vapor) moles TBP_total = 79.599 emole

WUTBP total =mOleS TRP (otal MW TRP

I )
Wt TBP__tOl['lI =46.7359b SQE TBP = 173_

VI

15



For Dibutyl Phosphate [(C4H90)2POOH]:

MW ppp :=(8-12.011 + 19:1.0079 + 4:15.9994 + 1-30.9738)- gm MW ppp = 210.21 o &M
mole mole

Each mole of TBP is capable of ultimately producing 1 moles of Dibutyl Phosphate through
radiolytic decay. Assuming complete conversion of TBP to DBP:

moles TBP_total = 79.599=mol

moles DBP_total ;= 1-moles TBP_total ‘ moles DBP_total = 79.599 smole

WUDBP total :=M0es pBP total MW pp

R
WUDBP_total = 36.889Ib SQE pgp = 1750~

For n-Butanol(C4 00):

. gm gm
MW Butano] :=(4:12.011 + 10-1.0079 + 15.9994)- MW Butanol = 74-122°——
mole mole

Each mole of TBP is capable of ultimately producing 3 moles of Butanol through radiolytic
decay. Assuming complete conversion of TBP to Butanol;

noles TBP_total @ 79.599=mol

moles Butanol_total -~ 3 moles TBP_total moles Butanol_total = 238.796 emole

Wt Butanol_total “=M01¢S Bytanol_total™MW Butanol

= 43748-E

WU Butunol_total = 39-022Ib SQE
_ -

Butanol

16



For Benzene (C6H6), H= :nry's Law Constant, S = Solubility in water by weight:
(Reference: Handbook of Physical Properties of Organic Compounds, CRC Press)

MW Bepene = (6-12.011 +6-1.0079)- E2 MW poprene = 78.113 o B0
mole mole
2z 3 nlm.m3 a 3 mg
Hpepzene 5555107 — S Benzene = 179107 —
mole liter
. 6 - -
Dilution_Factor gopoene & ’ Dilution_F - 2.5510 3

aclor Bepzene
2333 ‘

ex B S Benzene Volume liquid-Dlluuon_Factor Benzene
OIS Benzene liquid =~ '

MW Benzene
mOles Bepyene fiquid = 4-424°mol
moles Renzene liquid 1
_ - liqui ~ mole
C Benzene -~ C Benzene ~ 0.058
Volume thld m3
P : C P 324310 % eatm
Benzenc -  3enzene - Benzene Benzene = 7 atm
) B P Benzene Volume vapor ] )
moles Benzene_vapor = N . moles Benzene _vapor = 1.255 emole

gas’
. . o s V.
Wi Benzene_total *~ (mOIG‘\ Benzene liquid t moles Benzene vapor) MW Benzene

- _an b
Wit Benzene_total = 0.978 lb SQE Benzene -~ 20-'Tr

17



Estimation of Criteria Pollutants (WAC 173-400):

Wt Acids =Wt AA_total T Wt OA_total Wt Acids = 5789 b

Wt Alcohol =Wt Butanol_total Wt Alcohol = 39022 b
A= WA cetone_total t Wt Benzene_total T W Chloroform_total + Wt CCl4_total * WEDBP _total
Bi=Wteocp sta+ Wt TBP_total T Wt 124TCB_total T Wt Toluene_total T Wt Xylene_total

C:=Wt CCI2F2_total + WL naph_total

W organic_liquids =A+B+C Wt Organic,_liquids = 12364 b

Wivoc =W acigst Wt Alcohol + WU Organic_liquids

Wtyoe = 1281.2¢b Wty = 0.641 ¢ton [Small Quanty Exemption Limit is 2
tons/year (WAC 173-400-110(5)(d)]

ESTIMATION OF PARTICULATE MATTER (PM) AND PARTICULATE MATTER
10 MICRONS OR LESS IN DIAMETER (PM10)

The estimated volume of soil to be removed is 1.0 cubic yd with an average density of
97.5 pounds per cubic feet assuming loose sand and gravel (Marks' Standard Handbook
for Mechanical Engineers, 9th Edition).

- 13
Soil y glume = 1-¥d

.__ Ib
P soil = 97'5'__;

i

Soll ass =50 (G lime P soil
Soil = 2632'103 olb
PO gss = 4
Soil = | ston

mass

18



Using the ethodology of AP-42 for aggregate handling and storage piles (13.2.4)

with no controls to prevent fugitive dust from becoming airborne, the release factor for
particulate matter (PM, less than 100 micrometers) and PM-10 (particulate matter less
than 10 micrometers) will be calculated. Sandy material (89% sand, 7% silt and 4% clay)
on the Hanford Site has been analyzed for particle distribution data (PNNL-8889). Based
on the distribution data, approximately 12% of the sandy material has a particle size of
100 micrometers or less, 9% has a particle size of 30 micrometers or less and
approximately 8% of the total consists of particles 10 micrometers or less.

The exempt source thresholds under the table in WAC 173-400-110(5)(d) for PM is
1.25 tons per year and for PM-10 is 0.75 tons per year. Based on Fugitive Dus  »urces
from Section 13.2 of AP-42, using a typical wind speed of 10 mil  ser hour, pi  iles
larger thi  about 100 micrometers are likely to settle out within 20 to 30 feet from the
point of emission and | ticles betw« 130 to 100 micron sinc neterare ly

to settle out within a few hundred feet rrom the source; theretore, based on the discussion
in AP-42, particles greater than 30 micrometers will not leave the site since the nearest
receptor for activities associated with Project W-314 is approximately 16,000 meters
(52,500 feet) (WHC-0498) away. The moisture content (M) was conservatively choosen
as 0.25% since that is the minimium moisture content range for the AP-42 equation that
follows.

U:=10 (wind speed)
nr
M:= 25 (% material moisture content)
K3pi=.74 (aerodynamic patrticle size multiplier, AP-42)
U |13
< mi
E 5=k 100320 L 10 E 3= 0.1072
30°7K30 - 30
VA% ton ton
<\‘£‘
S0il30 1 o1esed =E 307501 pass
. 0141 ' . PN
So130 aleased = 0-14 110 So1l30 (. oleused = 7033710 son

PM standard :=1.25-ton
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k 10 :=.35

U 1.3
s.m
Eqg:=kg-0032 Ml 1o
<—2_>
Soill0 rejeased = E 10°S0il pass
Sol10 gegseq = 0.067 b

E 0 = 0.051

Soill0

PMI10

20
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fon

release

standard -

4= 3336010

:=0.75-ton

5

ston



