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APPENDIX C

BORING AND WELL LOGS

PART 2
WATER USE



The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

Flie Originat and Firet Copy with

ENTE %R WELL REPORT

sun cardNo. (/40 550‘-}

Department of Ecology
Y ormers Comn”! STATE OF WASHINGTON
(1) OWNER: nee_Tahér Frogerhiés Adckemn e [SRs el % o/

b3

(2) LOCATION OF WELL: Coumy

SE WSW s 30 tzs“jn..nﬁle WM,

700 - Fourtn Bve N_, Seallle, wn G807

(2a) STREET ADDRESS OF WELL (o~
(3) PROPOSED USE: @ Domestic Industrial O Municipal [ (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
E :;d:v::m Test Well O Onher O Formation: Deacriba by color, character, 8ize of material and structure, and show thickness of squiters
and ﬂu;n:b and nature of the material In each stratum penetrated, with at least one entry for sach
. ' change of information.
(4) TYPE OF WORK: Qwners number of woll — — =
Abandaned O New well ~.g Method: Dug O Bored OJ
Desponed  [J Cable O DrivenC] <= Till areyr= L aceen o' | 8n'
Reconditioned (] Fiotary Jotted (] e atannes, 55‘&4' T S0’ | 10’
(5) DIMENSIONS: Diameterofwell___(n inchen. | 4} nd o+ q cauel t{p' 1 t30"
Drilled fest, Dopth of compieted well 198 ft 120° | /48"
(6) CONSTRUCTION DETAILS: )
Casing Instatied: __ &0 * Diam. rom 1+ @ 0 w_ 148 »
Waided .
Weided o %’ Diam. from nio n.
Threaded O Diam, from it to f
Perforations: Yes [ | No &
Type of parforator used
SIZE of perforations In. by n.
perforations from fi.to ft
periorations from fi.to L
perforations from i o ft.
Screens: Yes =g No ]
Marnulacturer's Name Va¥nto Al -1 cCE\W EU
Type ) Modal No. '
Diam. G2 Siotaize_ 1020 wom__ 138 nw 4D 1
Diam. St size from fi.io L “ AD 9 & 1399
Gravel packed: Yes [ ]  No & size ot gravel T
Gravel placed from ft. to i
B Ly ]
Surtsce seal: Yes F1  No[] Towhltm? 20 peptok £ uGY
Material usad in soal i P
Did any strata contain unusable water?  Yes D No
Type of water? Depth of strate

Method of sealing strata o

PUMP: _Manufacturer's Name F:n KIM 4
Lol i P {7 2 S —— Y Y S

(8) WATER LEVELS: ﬂ"r::ﬁ:.‘:'m n
Batic level 8{2 1. below top of well Dats Z] iil i ]

Anesian pressure Ibe. per square inch  Date
Arissian water

o [Cap, valve, o}

(8 1999

Work Staried Ll [{glﬁﬁ 19. Completsd 2|

WELL TESTS: Drawdown is amount water lovel is lowered below static level
Was a pump test mace? Yes B No[ 1/ 1t yes, by whom?

Yield: Z¢ gal.’min. with ft. drawdown after ﬂ hrs.

9

Recovery dala (time Laken as zero when pump turned off) (water lovel measured from well
10p to water level)

Time Water Lovel Time Water Level Tima Water Lavel
Date of test
Baiter test gal./min. with ft. drewdown after hre.
Alrtest gal./min. with stem set at l iﬂ ! ft. for z 9; hre.
Artpsian flow gpm. Da

No (47

Tomperaturs of water “5s" Was & chemical analysis made? Yes [

ECY 050-1-20 (983) * *t

WELL CONSTRUCTOR CERTIFICATION:
| constructed and/or acoept responsiblity for construction of this well, and its

compliance with all Washington well construction standards. Materials used and
the information reported above are true to my best knowledge and betief.

NAME m%( Zgg% UJ% [%% -

address 1.0 £ // DINVILLE WA
{Sign Licenss No. E i a
Contractor's

:;?Wl)m 2""7 ,191?

{(USE ADDITIONAL SHEETS IF NECESSARY)

Ecology is an Equal Opportunity and Affirmative Action employer. For spe-
cial accommodation needs, contact the Water Resources Program at (206)
407-6600. The TDD number is (206) 407-6008.



The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

File Onginal with
Department of Ecology

!/D/la‘/"/

Second Copy - Owner's Copy STATE OF WASHINGTON
Third Copy - Drilier's Copy

WATER WELL REPORT

Notice of Intent W l o 33 7{
UNIQUEWELL 1D # __ A& F:%%

Water Right Permit No __IA [ Rr

(1) OWNER: Name_ KOW)O T&/MISIM/ﬁShWB’VQdc%ﬁé) 100 Fourinfive fv"/ SZ‘—MPIL%

2

LOCATION OF WELL: County K’ MG" SE 1/4 5‘1‘.]1/4 Sec 30 T ZS_'J NR % WM

(2a) STREET ADDRESS OF WELL. (g nearest address) _ /& O « Foees ft Ave N _Se atlffe , WA

TAX PARCEL NO. a— SS-4E- 30PF
(3) PROPOSED USE: (0 Domestic O Industnal O Municipal (10) WELL LOG or DECOMMISSIONING PROCEDURE DESCRIPTION
O Imgation O Test Well Other Formation Describe by color, character; size of material and structure, and
O DeWater the kind and nature of the material in each stratum penetrated, with at least
) TYPE OF WORK: Owner's number of well (1f more than one) one entry for each change of information Indicate all water encountered
2 New Welt Method MATERIAL FROM TO
O Deepened O Dug O Bored v
O Reconditioned O Cable 0O Driven BN S“—T Sens0, C/RAVEL O [ o
O Decommission 2 Rotary 0O Jetted B TiLl  <awD LRARVEL (B 28
(5) DIMENSIONS: Diameter of well [ nches | (GBAY FINE SILT w R0 | 56 42
Drilled _{ feet Depth of completed well 1Y) it | BRow SAVO (5 HE'-MEOJ) 48 16
(6) CONSTRUCTION DETAILS Bt SO0 fw oBues | U (8o
}asing Installed: / o i 46’ Hw
i/ Welded “ Diam from ft to ft QK A SE =
Liner installed /\}D “ Diam from ft to ft C1e) /(D ) HIQE’ 80 % 9’
O Threaded “ Diam from ft to ft rEeED SHBWO
HAfenER —CRAY SAVD | 08 | 9]
Perforations: dYes )ﬂ\lo ) C"R'Qd =L
BRY, SAND w e LBY 77 1103
Type of perforator used 2 g ' 8
SIZE of perforations n by n BE‘“ S¢ L”T— CLA—Y € El" ‘D L
perforations from ft to ft Mo
ALT. B0 . .ﬂ RO, CRAVEL | Q1150
s Keor Do 3k Lot HD' SeME FINE S11T
creens: es o -Pac Location - —
N NnA .
Manufacturer's Name TJOH NS 3C s& e = (55
Type NLEQ_QIEEL__&&_MQQ No_______,
Diam 5 Slot Size __s 2D trom / 5’5 ft to Z53 ﬂ
Diam Slot Size from ft to
Gravel/Filter packed: [Yes =0 [J Size of gravel/sand
Material placed from ft to ft
] L salh O WA o )
RE G o o=
Surface seal: —E? O No To what depth? / B ft
Matenai used in seal l:/J 7’ h" 1 Pj
arT 1 1 2001
Did any strata contain unusable water? [0 Yes 2 No VO T LU
Type of water? - Depth of strata
Method of sealing strata off ~enr A =0 OGY
| ) el i A L
(7) PUMP: Manufacturer's Name
Type HP
(8) WATER LEVELS:_ Land-surface elevation above mean sea level ft
Static level 7 FA 3 ft below top of well  Date B’Zﬁ'al Work Started 8"27 -Of Completed @ ,%. o {
Artesian pressure -_ lbs per square inch  Date
Artesian water 1s controlled by __ =" "
(Cap, valve, etc) WELL CONSTRUCTION CERTIFICATION:
<
(9) WELLTESTS: Drawdown is amount water level 1s lowered below static Ievel | constructed and/or accept responsibility for construction of this well, and its

Was a pump test made? XYes ONo _If yes, by whom? f:A_:\ﬂ rf:

Yield # ¥ _gal/min with { ) ft drawdown after Z hrs
Yield gal /min with ft drawdown after hrs
Yield gal /min with ft drawdown after hrs
Recovery data (time taken as zero when pump turned off) (water level measured from
well top to water level)

Time Water Level Time Water Level Time Water Level

Date of test 8 - ‘36"0 ’

Bailer test gal /min with ft drawdown after hrs
Arrtest gal/min with ft drawdown after, hrs
Artesian flow gpm Date

Temperature of watercog 2 Was a chemical analysis made? [JYes XNO

ECY 050-1-20 (11/98) //” L‘/LI sy ;

compliance with all Washington well construction standards  Materials used
and the information reported above are true to my best knowledge and belief

Type or Print Name Sal %SkIPCkH License No Z‘_"Q o

(Licensed DnlIer/Eﬂgmeer)

Tranee Name License No

Driling Compani
(Signed)

Contractor's .
Registration No CAM’ UWDate

(USE ADDITIONAL SHEETS IF NECESSAF/)

Ecology 1s an Equal Opportunity and Affirmative Action employer For special
accommodation needs, contact the Water Resources Program at (360) 407-

6600 The TDD number Is (360) 407-6006







—

|

STATE OF WASHINGTON R AT T g

DEPARTMENT OF WATER RESOURCES Rico V& CCoaly o

DIVISION OF WATER MANAGEMENT ~2L-7/ '
co03/146

WATER RIGHT CLAIM e e

NAME____TP0Y  LAUNDEY reE-2710033
Appress 2/ FAURICW M. ASH__OTHE R_L./

CLl O

L4

S@mfi; A/, ooE

SOURCE FROM WHICH THE RIGHT TO TAKE AND MAKE USE OF WATER 1S CLAIMED:

SLOUNY

{SURFACE OR GROUND WATER]

o°

(LEAVE BLANK

W.R.IA.

A. IF GROUND WATER, THE SOURCE IS WELLC

8. IF SURFACE WATER, THZ SOURCE IS

. THE QUANTITIES OF WATER AND TIMES OF USE CLATMED:

A. QUANTITY OF WATER CLAIMED L0000 G M. PRESENTLY USED
(CUSIC FEEY PER SECOND OR GALLONS PER MINUTE)

2SS0 G Pry

B. ANNUAL QUANTITY CLAIMED

PRESENTLY USED

393C

tACRE FEET PER YEZAR]

C. 17 FOR IRRIGATION, ACRES CLAIMED

PRESENTLY IRRIGATED

(08

SATVRIAYS

NI S ORI ST AR R 3 ST S NS

D. TIME{S} DURING EACH YEAR WHEN WATER 1S USED_DBILY - EXCELT  STARAYS t tHoliDnys
4 DATE OF FIRST PUTTING WATER TO Use- AYGUS T moNTH___AUG ST vear _I9 426 .
. e
5 LOCATION CF THE POINT/S) OF DIVERSION WITHDRAWAL FEET AND &,
FEET FROM THE CORNER OF SECTION
BEING WITHIN OF SECTION KNG 201 _25A N RLE (E.ORW.] WM.
%
B T9.S PSS WHTHIN THE LiMITS OF A RECCRDED PLATTED PROPERTY. LOT i BLOCK /Oq OF
‘ |
— 2al
_ DT DENNY ST AOD oA
SIVE NANMEL DOF PL AT OF ADDTION
. 6. LEGAL DESCRIPTION OF LANDS ON WHICH THE WATER 1S USED .
&, ™

SEATTEIE
LAUMDRY

7. PURPOSE(S) FOR WHICH WATER 1S USED:

county__KirdG

'8 THE LEGAL DOCTRINE(S) UPON WRICH THE RIGHT OF CLAIM IS BASED: M&p@fﬂ?@d

)1""

T oERRL

DO MOT USE THIS SPACE

4 THE FILING-OF A STATEMENT OF CLAIM DCES HOT CONSTITUTE AN ADIDDWCATION |
OF ANY CLAIM 10 THE RIGHT TO USE OF WATERS AS BETWEEN THKE WATER USE ] x
CLAIMANT AND THE STATE OR AS BETWEEN ONE OR MORE WATER USE CLAIMANTS
S ANOTHGR OR O'mms THIS ACKNOWLEDGEMENT CONSTITUTES RECEIPT FOR

THE SFILING FEL. DATE

ATION IS TRUE AND

S-7/

TEULL NANME AND MAILING ADDRENS OF AGENT BELOW

2SI FNATED REPRISENTATVE PRINT OR TYPE

DATE RETURNED REGISTRY NUMBER ) 1.5 CLAM FiED B
THIE HAS BEEN ASUGNED
FEE"ZNGOZL&‘.ES <WATER RIGHT CLAIM REGISTRY NO. |
(/n

i ' .
Vb R B f
— ADD

ONA
J A G .:,-.r NRECIOR thsx:h OF w;-ﬂEﬂ NAN‘-G:MTNT DWM'IMENT CA WAYER PFBOUE’CE (H

Lt AND TR W,

PN W AT NG T wATER QuALTY
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ME L DRMAT
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's. F. No. 310-B—0S— (Rev, 7-70). . . $10.00 examination fee should
. s accompany each application.

STATE OF WASHINGTON
DEPARTMENT OF ECOLOGY

PRIORITY

APPLICATION FOR A PERMIT PR T T

To Appropriate Public Ground Waters

OF THE STATE OF WASHINGTON '
RECEIVED

Application No. G. W....... 11589 ¥ A
e FeB 2 71
ny Y @ ' (° -, '
I T’Q‘—tf qu UAl 0@ - £ N f _;p‘l 0 A ? ? _ri | ' 1277 4
| ame of applican 1'|'i ’¥i 1].‘{:-:}.
|
el 30 FAIBVIES. M. SEATTIE, ... 99105 8

(Complete post office address)

do hereby make application for a permit to appropriate the following described public ground waters
of the State of Washington, subject to existing rights. This application is made under the provisions of
Chap. 263 of the Session Laws of 1945, and amendments thereto of the State of Washington and subject
to the rules and regulations of the Department of Ecology.

1. The proposed appropriation will be from.. L WELY

(Well, tunnel, infiltration trench)

| ocated. . DT DEUNY'S BT Agninon. o SEATTLE N 98169 . .

(Give approximate distance and direction from nearest city or town)

AT, 2 e e T e S I e e N N Sub-area CAnTIMEw - Sl
| (Leave blank) (Leave blank)

Zone. : L R
‘ {Leave blank)

Applicant’s name or number of well or other works, if ANY ..o

‘ 2. The quantity of water which applicant intends to withdraw for beneficial use is... [CEC)
gallons per minute; ... . 3829 .9 _acre feet per year.

J
3. The use or uses to which water is to be applied............. INOUSTRLAS L (@‘?L«WO S, /\

{Domestic supply, irrigation, municipal, manufacturing, industrial use, etc)

7 pie Sl s
.ﬂ—:t%ty—xoﬁ-‘ e (U ERING DAY

4. The time during which water will be required each year. .. ++711"

5. Location of well or other works for wlthdrawa! of water In county of..... K..’..“/é? " Crfoc S AT
/A7 > A Xa“ ey =

?/‘ ). 120 WEST of ~N:E: wé‘uc%é LT B Fn LI ST mmn.od Buock rog
3 | 2 y (Give distance :.md bearmg from nearest ofumer of section or legal subdivision)

J0

being within the. BT D+ peuny- ST Ad ?.T.!!.!".‘.._...,..of Sec. Kb Twp. T2/ N., Rge.. K4 E
{Give smallest legal subdivision) . (E. or W.)
or {b) If within I‘Lmtts of 'recmded platted p'rope? ty, town or city: Lot ‘J sy Bloek ADT ...,
/;__: f.r;.‘ > o ¥ f brd f 14y f
of i A p(w»é_.x'_é ___________ 6’ L _‘_‘_ ﬁdﬂtﬁoﬂ-/ __________ S Elte Sfﬂ TTHZ tMJ
(Give name of plat.or addition) Hf within town or city, give name)

(¢) Show this location on accompanying section plat. Other adequate maps or drawings will

be acceptable.

W/ﬂ/ﬁ'/? ,é//,' 24
S M e




6. DescripTioN oF WORKS:

s

(a) Well wiH be. DA-LED  and kase a diameter of .1 QO . __inches and an estimated
(Dug or drilled)

(b) Tunnels or trenches to be described: (Attach additional sheets if needed for full description.)

{¢) Distribution system to be described: Pi1PEA

(d) If pumps are to be used, give size and type:
Jotias o’ OF $9x1Y Oscumd ANO SHAE 70 To P or Oowls
49 1°  Bowt AssHBLy CEL fowz,-f)
i SucTioN prrc

(e) Give capacity and type of motor or engine to be used:
ELFere. 20 HP  HOTOL

(f) If the location of the well, tunnel, or other works is less than one-fourth mile from a natural
stream or stream channel, give the distance to the nearest point on each of such channels and the
difference in elevation between the stream bed and the ground surface at the source of development:

o MiLe ERort SouTH RO KAKE Y10

(g) Ownership of each existing well or other works from which ground water is withdrawn
within « radius of one-quarter mile and the distance and direction from well or other works being
reported herein:

W Cuow pi s omHel vires M THIS AR

(Name) (Direction) (Distance)

(Name) (Direction) (Distance)
(Name) {Direction) (Distance)

SupPLY THE FOLLOWING INFORMATION AcCORDING TO USE PROPOSED:

7. For Municipal Supply: To supply the city, town, or community Of ... e e ,.an the
county of _, having a present population of ... , and an estimated
popudationof. ... ol oadlt ey W TN

8. For Irrigation: Number of acres to be irrigated............ acres.



Z . .

1 9. Legal Description of Property on which water is to be used for all purposes other than municipal
supply:
(Copy legal description from deed)
(If more space is required, attach separate sheet)
PolTUMS—F 4y o g ot DCHIES— DT 578 AP LorS iRl 11
0o/ %Upﬁ) G -Seerion 5o B fud K&
7
A W 7ey . LS | | A atia NeaTiTa
i P€ 7 =t ’ I3 sy 4 — g = 71 bl ifren o Vort
gt bk 109 of He plat DT: Denny L e
o [ _ ki 2o ; ‘)4 N A _;’ T wrd
/ . ; _ J / / 2, » 17 2 g ol P . ST
i i r 2491 4 oL £ / o
5/ " / / ’_ e ‘(/ //, / F 4 Fev & td 7 ) LEFIILEAN]

(On accompanying plat show location of the existing wells or works)

10. What interest do you have in the above described property?. ... e

D] A

(Owner, lessee, contract buyer, éte.)

NO

11. Do you have any other water rights appurtenant to the above described property?.. . ...

If so, from what source?...........

12:

13.

14.

Name and address of owner of land on which well or works are located:

______________ GRS ERd o an T OVERIAEE

(Name) (Address)

(Signature

legal landowner)

Signed in the presence of us as witnesses:

(Name) (Address of witness)
(Name) (Address of witness)

STATE OF WASHINGTON, |
County oF THURSTON. J i

This is to certify that I have examined the foregoing application, together with the accompanying

~maps and data, and return the same for correction or completion as follows:

In order to retain its priority, this application must be returned to the Department of Ecology,

with corrections, on or before 19

WITNESS my hand this. ... BUY Ot i pr R s oloe T

Department of Ecology.













. STATE OF WASHINGTON .

DEPARTMENT OF ECOLOGY

DANIEL J. EVANS JOHN A, BIGGS
GOVERNOR DIRECTOR
Northwest Washington Regional Office Telephone: 885-1900

15345 NE 36th
Redmond, WA 98052

May 2, 1973

County Auditor
Courthouse

King County
Seattle, Washington 9810k

Dear Bir:

Enclosed is Certificate of Water Right No. and
a check or money order in the amount of PP Etﬂ HESB'?OE cover
the cost of recording in your office.
When this has been done, please forward the certificate to:
Mr. Roland Hoefer, Mgr.
Troy Laundry
311 Feirviev Horth
Beattle, Washington 98109~

Sincerely,

R. JERRY BOLEEN, Asst. Director

Office of Operations

RIB:gf

Enclosures












ADDITIONAL LIMITATIONS AND PROVISIONS: The installation and maintenance,of an access port
as described in Ground Water Bulletin No. * shall be required prior to issuance of final Certificate of
Water Right.

Nothing in this permit shall be construed as excusing the permittee from compliance with
any applicable federal, state, or local statutes, ordinances, or regulations including
those administered by local agencies under the Shoreline Management Act of 1971,

DESCRIPTION OF PROPOSED WORKS:

The well nﬁn..dﬁllad.... and ]zmhga diameter of . 10.... _ inches, and depth of .._540...... feet.
(Dug or drilled)

Description of tunnel or infiltration trench: ...

DEVELOPMENT SCHEDULE:

Construction work shall begin on or before Started

and shall thereafter be prosecuted with reasonable diligence and completed on or before. . .. ...

Completed

and complete application of water to proposed use shall be made on or before........................

BRNERE Lo ASTR . . oG

This permit shall be subject to cancellation should the permittee fail to comply with the above devel-
opment schedule and/or fail to give notice to the Department of Ecology on forms provided by that
Department documenting such compliance.

Given under my hand and the seal of this office at Olympia, Washington, this 29th

day of - oL b Qctober 1971 .

JOHN A. BIGGS, Director
Department of Ecology

by ﬁ _j‘u“j - ﬂd—%”

ENGINQE/RING DATA
OR ERN . s









MAP TOO LARGE TO FILM - RETAINED IN NUMBERED

FILE IN DEPARTMENT OF ECOLOGY

¢ \-003¥4C






















\
11589 1
|

TROY LAUNDRY COMPANY
Seattle, Washington February 10, 1971

a well

Lot 4, Block 109, of the plat of D. T. Denny's 5th Addition to North

Seattle
30 25 4 E, King
1000 6.0:0.0.0.0.0.0.90.8:4:0.:0.0.0.0.¢.0.0:0.60.:0.0.0.0.0.0.0.0.0.0.0.00.4
continuously industrial use
(laundry)

17th March 71

































81 NAME :rcscm L. LerchltTz

2. SOURCE FROM WHICH THE RIGHT TO TAKE AND MAKE USE OF WATER IS CLAIMED: (G Rocs3 D Wi Telk

J 3. THE QUANTITIES OF WATER AND TIMES OF USE CLAIMED:

4. DATE OF FIRST PUTT! NG WATER TO USE: MONTH YEAR

N 5. LOCATION OF THE POINT(S) OF DIVERSION/WITHDRAWAL: - FEET AND

DEPARTMENT OF ECOLOGY

WATER RIGHT CLAIMS REGISTRATION

WATER RIGHT CLAIM

ADDRESSZSTSG nay ga Ll AL, Al

CODE

SERTTLE, oAl (&G e 98104

(SURFACE OR GROUND WATER)

W.RIA_PE

§ (LEAVE BLANK)

A. IF GROUND WATER, THE SOURCE 1S_A S PR1a G~

B. IF SURFACE WATER, THE SOURCE IS

A. QUANTITY OF WATER CLAIMED __ [© (G Prm PRESENTLY USED___ £GP
X {CUBIC FEET PER SECOND OR GALLONS PER MINUTE)
8. ANNUAL QUANTITY CLAIMED PRESENTLY USED
. {ACRE FEET PER YEAR)
C. IF FOR IRRIGATION, ACRES CLAIMED ___ PRESENTLY IRRIGATED

D. TIME(S) DURING EACH YEAR WHEN WATER IS USED:__ & O = /AJ ¢ =8¢ Y

FEET FROM THE _ CORNER OF SECTION
‘BEING WITHIN : oFsecTion__ 19 1._8S n.& 44 (EORW.) WM. §
IF THIS IS WITHIN THE LIMITS OF A RECORDED PLATTED PROPERTY, LOT_________ BLOCK OF

(GIVE NAME OF PLAT OR ADDITION) 4
6. LEGAL DESCRIPTION OF LANDS ON WHICH THE WATER IS USED:_&o7 [ (9-25 - OY fecck ! Gor O

CopE ' onie |, see. 19y TP 2L 26" oy PeR of S we

By 0c N by gy NLty 0F A A NER MNC da Uy oc

T YR T N - PReD S ad0 ELY oF NP AVE

RN 707 vVxC Por SO ;DO Aoe R LSy S izt Fr o5 K /56 £r
6 ,;; %:}pé&o 9:5 D‘:Q L = { pr_) <= P2l C‘( c

Av 4 & o AT °b' N o F’T" ' E ~T o & er
g N vy o € e -7 JOR ) ;Pa -7 / MAY ¥
f) 552 F7 4 1«.17-513 OF cjcj 2~D COUNTY HS.L FHR 4",&- PE

ﬁa
) ANg Cle R AL, PROTECION S (L RA ST =2&
v N .
{7 Pu%gosasfgoa Y e et D

T_}P'é n,i_é_f_?ﬁ)s- Per o N
€ LEGAL DOCTRINE(S) UPON WHICH THE RIGHT OF CLAIM IS BASED: I

b,

IS ».AND mmmm ™IS ACKNOWLEDGEMEN' CONS?&TUTES RECE!PT FOR

'8

T Cjt HEREBY SWEAR THAT THE ABOVE INFORMATION 1S TRUE AND
- | ACCURATE TO THE BEST OF MY XNOWLEDGE AND BELIEE.

OFANY CLAM TO THE RIGHT 0 USE-OF WATERS AS BETWEEN- THE WATER USE X ’M
CLAIMANT AND THE STATE OR AS BETWEEN ONE OR MORE WATER USE CLAIMANTS et Ak AN

’ d
mEFlGNGFEE P . . DATZ ‘Uhf 2.5 ‘) L/
M‘IEW» ms uAS BEEN AWGNED _; CT j - 1iF CtAm FILED BY DESIGNATED rsnssswmnvs PRINT OR TYPE
Y A T - [FULL NAME AND MAIUNG ADDRESS OF AGENT BELOW.

JeSEIm L. LoneNTZ

- . . ° ‘ -
25230 in 2 AUl
ADDITIONAL INFORMATION RELATING 10 WATER o'.:Au"'r
AND/ OR WELL CONSTRUCHON 1S AVAILABLE.

A
RETURN ALL THREE COPIES WITH CARBONS INTACT. ALONG WITH YOUR FEE 50-
DEPARTMENT OF ECOLOGY

WATER RIGHT CLAIMS REGISTRATION

CRIGINAL DWR OLYMPIA, 'WASHIN GTON 98504

lﬁfmj



of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

/Q\
~—

—

.-TATE OF WASHINGTON__
DEPARTMENT OF CONSERVATION

AND DEVELOPMENT

WELL LOG
Date__ 1921 19

i
Record by_ﬁlgﬁ&_SQIMilighL_&_Em E
Source__kQ]A‘_Qf_ﬁa_w.__c_lm

No _Declar, #i8

Cerb. #ZS-D

Location State of WASHINGTON

County___Klng

Area

Jap — ~u !
Lot 177, eiﬁl—;_NhaRe_IﬂL_gﬁw L N

1in % 1 seb _ 311 2
Dnilling Co

Address

Method of Drill mg__DI'J lled

Owner

Address ﬁQ_StWLBldMMSh a

above

Land surface, datum_ —ft Y ow

CORRF
LATION MATFRIAL

THICKNESS Dreprix
(feet) (feet)

(Transcribe driller s terminology hterally but paraphiase as necessary 1in parentheses If

material water bearing so state and record static level if

repsrted  Give deptbs in feet below land

surface datum unless otherwise indicited Correlate with stra)tlg raphic column if feasib'e Follow

ing log of materials list all casings perforations screens!

etc

Well log:

No data avajlable

Pumg :ggg:

Dm: ] - 1n
SWL: No data

_10m |

| DD: No data

| Yaeld: 250 g.p.m.

| _Casq . n 3 425
6% diam, standard pipe fro to
15! |
Perfs,: tions in 6" pipe fr !

to 147!

Type & Size of Pump: Aar 1if

'No dat,

Turn up

Sheet, of shects

Date 19

*Engei;§and_LighhJ&j&nnnijmquunL_"m___"_

)

e e

JaguImu oy

N7E-TFTEIIE

~











































of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

a - 2 -
_ JTATE, OF WASHINGTON _ 4
DEPARTMENT OF CONSERVATION |

AND DEVELOPMENT

WELL LOG ‘ No _Ileglﬂl_#_l&__i
Date %1901 Cert. #23 i
Record by____Lie Ee Karrer '
source._Decla. of G, W, Claim

I
1

Location State of Wf’\.SHINGTON ll
County. ving '
Arca
Map ,
XXX SEi/sec 31T 2%3ng__§[‘“sﬁaaﬁaﬁiama“

Drillang Co !

Addres ]

Method of Drilng__drilled Date_Unknownpe
owrer___Diamond Ice & Storage Co,

Address._ 860 Stuart Bldg., Seattle 1, Wn.

|
i
{
b
1
Z
!
g
.
|
i
|
‘
|

|
f
|
i
]
I

above
Lund surfuce, d ft 7
L urfuce, datumt— below
i
CORREC 1T HICKNESS DretH
LATION MATFRIAT . (feet) (feet)

T
(Transcribe dnller s termunology literally but parnphrase as necessary 1n parentheses If ‘
material water bearing so state and record static level1f teported  Give depths in feet below land
surface datum unless otherwise indicated Corielate with stratigraphi. eolumn if feasible Follow

ing log of matcrials list all casings pes forations| scieens etc ) ‘
i

No data availaﬁle |
|
Pump test: \
Dim: 467" x 8" & 6" | |
SWL: no data | |
| D.D. " | |
| Yield " | 120 g.pJm. forl Cert,
_ |lcasing: 8" di | i rom 6%-3" |
L to 268'-3": 6" dia. standard pipe
| from 6'=3" to L67'; 5" dia. stdndard
_pipe from 467 toi479'. | |
Perforations: 5" pipe with 1,300-3"
holes from 467 to 479'.
Type and size oflpump; air 1ift

Turn up 1 Sheet. of. sheets
|

Jaquinu L]
F7E " IFTFI/NIE


































this Well Report.

1on on

!
I
i
|

The Department of Ecology does NOT Warranty the Data and/or the Informat

$021SS
WATER WELL REPORT

Original & 1* copy - Ecology, 2™ copy — owner, 3™ copy — driller

Agel STALE

ALEGY
Pl

lC 0: * IéTG ﬂ!

Construction/Decommission (“x” in circle)

B Construction

[] Decommission ORIGINAL INSTALLATION

Notice of Intent Number

PROFOSED USE: [0 Domesiic B4 indusirial [l Municipal
O DeWater [J Imigation O Test Well O Other

TYPE OF WORK;: Owner’s number of wel! (if more than ene} T

B New well [ Reconditioned  Method : 13 Dug ] Bored O Driven
O ecpened [ Cable. [0 Rotary [J Jetted
DIMENSIONS: Diameter of well 8 inchies, drilled385 .
Depth of completed well 3804

CONSTRUCTION DETAELS
Casing K Welded 16" Diam. from +1.2 fi to 50 &.
[nstalled: [J Linerinstalled 12" Diam. from +1.7 fi.to 130 ft.

[ Threaded 8” Diam. From +6.68 fi. to 335 ft.
Perforations: [ Yes [{ No
Type of perforator used
SIZE of perfs in. by in. and no. of perfs from fi. to t.
Screens: Yes ] Ne [J K-Pac Location

Manufacturer's Name  Johnson
Type PS Model No. S$S304
Diam. 8Slot size 0.050 from 335 fi. to 370 fi.

Diam. Slot size from ft. 1o fl.

Gravel/Filter packed: B Yes -[7] No Size of gravel/sand CSS 812
Materials placed from 325 fi. to 380 fi.

Surface Seal: Yes [ No

Material used in seal CEMeNt

To what depth? 50fi.

[Did any strata contain unusable water? K ves [ Mo
Type of water? brackish  Depth of strata 146

Method of sealing strata off Bentonite

PUMP: Munufacturer’s Name

Type: H.P.,

WATER LEVELS: Land-sutface elevation above mean sea level 15.85 fi.
Static Jevel +2,7 7. below top of well  Date 10/22/13
Aresian pressurc lbs. per square inch Date

Antesian water is controlled by cap valve cap, valve, etc.)

WELL TESTS: Drawdown is amount water level is lowered below static level

Was a pump lest made? [ Yes O No  yes, by whom? RN
Yield: 416gal /min. with 35.Zf. drawdown afier Z5krs.
Yield: gal./min. with ft. drawdown after lirs.

Yield: gal./min. with ft. drawdown after hrs.

—Recoverydata ftime ke ay oo when pump tirned offf fwater fevel meastred from well
1op 1o water fevel)

Time Water Level Time Water Level Tune Water Level
1 18 & 186 30 M

2 1744 16 B4 45 13.22

5 16.47 26 143 60 1263

Date of test Bailer test gal /min. with It drawdown afler - s,

Airtest gal./imin. with stem se1 at fi. for hrs.

Arfesian flow gp.m. Dale

Tetmperature of water 53.5 Was a chemical analysis made? Yes [J No

i

CURRENT

Notice of Intent No. WE16531

Unique Ecelogy Well ID Tag No. BCS 872
Water Right Permil No. G1-28722A

Property Owner Name Seattle Steam Company

Welt Strect Address 1319 Western Avenue

City Seatfle County King
Location NW1/4-1/4 SE1/4 Sec 31 Twn25 R 04

EWM &
Or
Lat/Long wwM 0
(s, t, r Still Lat Deg 47 Min 36 Sec 23.79
REQUIRED)} Long Deg 122 Min20 Sec 25.11
CONSTRUCTION OR DECOMMISSION PROCEDURE
Formarion: Deseribe by color, character, size of material and structure; and the kind and
nature of the material in each stratwin penetrated, with at least one entry for each change
of information. (USE ADDITIONAL SHEETS IF NECESSARY)
MATERIAL [ FROM [ TO
Asphalt ) B _ N 1.5
Brown sand and grave! fill 1.5 8
Dark brown wood waste fill 8 18
Gray silt clay and grave! 18 28
Gray brown silty clay, sand 28 39
Gray silty S&G Shells 39 42
Gray gravel silt clay compact 42 45
Gray silt clay compact 45 59
Gray clay trace gravel 59 63
Gray sand gravel! siit iayers 63 71
Gray clay trace gravel 71 146
Gray sifl sand grave! water 146 158
Gray silt sand gravel 158 169
Gray silty sand gravel water 169 208
Gray sand gravel silt layers 208 210
Gray silty clay trace gravel 210 234
Gray clay gravel, tili like 234 263
Gray F-C sand gravel 263 285.5
Brown-red silt clay gravel 2855 292
Gray F-C sand gravel cobbles 292 301
Tan-orange clay sand gravel 301 307
Gray-green clay gravel tight 307 333
Gray gravel sand cobbles wate 333 360
Gray F-C sand occ gravel wate 360 388
L Rl R L el T 3 B
WIS VL
FAFR A oo
UKL UV 13
WG T ELOUGY
Start Date 772213 NWRO W%ompleted Date 11/15/13

Tax Parcel No.7666202445

WELL CONSTRUCTION CERTIFICATION: 1 constructed and/or accept responsibility for construction of this well, and its compliance with all Washington well
construction standards. Materials used and the information reported above are true to my best knowledge and belief.

Drilier (3 Engineer (] Trainee  Driller or traimee License No. 1239

Name (Prim Last, First) Carper , Robert B.

Driller/Engineer/ Trainee Signatuie j@ff):g/g]% ,5’ @a/{,_u,-_,
[F TRAINEE: Driller’s License No: ’

Driller’s Signature:

ECY 050-1-20 (Rev 3/03)

Drifling Company Hokkaido Drilling, Inc.

Address P.0. Box 100

Cily, State, Zip Graham , WA, 98338

Contractlor’s

Registration No. HOKKADIO17M8 Date 11/21/13

Ecology.is an Equal Opportunity Employer






W E - - 1 R )

- A . i -

) AT TR~ . S'EAT:O:—WASHINGT&;N R R R R ag< -
< DEPARTMENT OF ECOLOGY i

o WATER RIGHT CLAIMS REGISTRATION A ’ i
- .1‘1 - J‘" ) - 3 ] < A " - -~ - ) - ;'
) - : _ WATER RIGHT CLA!M ' P
) - RECEIVED ) o
.- . . SEPRRTHENT OF E00108Y 4 .
. 5.
- r 1. NAME__.City of Seattle, Deba.rtment cf aightznz, ’ fiﬁz i» I} Q?E 5 4 % -
: ’ « b ﬁ!E__.. ¥
ADDRESS 1015 ”‘hird Ave'me - - Casa. o -
Seattle, Wa.shingr.on‘ : ,é’ge 98104 . : - - TE.
2. SOURCE FROM WHICH THE RJGHT TO TAKE Ar\o MAKE USE OF WATER IS CLAIMED: Sur"a.ce ; R
) {SURFACE OR GROUND WATER} 3
-~ . W.RIA, i
- ) {LEAVE BLANK) ?
A IF GROUND WATER, THE SOURCE IS - : - T
; ) - - !
7 B.IF SURFACE WATER, THE SOURCE 1s___ Lake Unien : S é‘ ,
?3 THE QUANTITIES- -OF WATER AND TIMES OF USE CLAIMED. ' i A g
A. QUANTITY OF WATER C‘A(MED__{? 51_gom N PRESENTLY USED_ 37051 com Mo -
g ; . \CUBIC FEET PER SECOND-CR GALLONS PER PAINGTE) (See
5. ANNUAL QUANTITY CLAIMED_59,76% acre feet -___PRESENTLY USED_ 59, 764 acre feet (avtach.
i . ACRE FEET PER YEAR) (sheet) :
R CIEFOR IRRIGATION, ACRES CLAIMED : PRESENTLY [RRIGATED S | A

a3

D. TIME(S) DURING EACH VEAR WHEN WATER is ysen _Contisuously {See ettacked sheet) ’ -

4. DATE OF FIRST PUTTING WATER TO USE- MONTH_ Uninown i " YEAR _ 191k &
'S LOCATION OF THE POINT(S) OF DIVEP.SION/WITHDRAWAL: *1,850 FeeT_ Best AND_900 - ,
I FeeT_South FROM THE_N.W. ' CORNER OF-S£CTION_29
BEING WITHIN. B.B. 1/L N.W. 1/4 OF SECTION_29. T.25 Nk E . (sx:)aqc) wm
' -1F THIS IS WITHIN THE LIMITS OF A RECORDED PLATTED PROPERTY, LOT_ BLOCK ____ _c_oF Rt

(S
«

N (;SlVE NAME OF PLAT OR ADDH TION; . RS . .
6. LEGAL DESCRIPTION OF LANDS ON WHiCH THE WATER 1S USED:. See attached sheet

COUNTY

37 PURPOSE(S] FOR WHICH WATER IS usep:_Cooling water for sieam electric generating Pl

8. THE LEGAL DOCTRINE{S) UPON WHICH THE RIG HT OF CLAIM IS BAsED.._APPropriation

2
)

. g:"r =) et “ﬂ; {2 DONOT WUSE'THIS SPACt: S .3'“ A i",‘—-:: { HERESY SWEAR THAT THE ABOVE wsom;.'vo\ S YRUE AND
1 THE FILING OF A STATEENT OF CLAIM DOES NOT/CONSTITUTE AN ADTIDICATIGR | ACURATE 70 ‘”‘E JEST OF WY TNOWEDGL AvD pruigs
[ OF-ANY-CLAIM. TOTTHE-RIGHT 70 LISt OF WATERS 'AS-BETWEEN. THE WATER" USE ' X «éw A
} ~ CLAUMANT ANDTHE STATE.OR AS-BEIWEEN-ONE OF MORE WATER USE CLAIMANTS. 2
~AND ANQTHER. OR'OTHERS: ‘m:SACmOWLwGwEw COnSTITYTES, RECEIPT U / G Lok 7 /// : i
-3 THE_FILINGFEE, o i o 2 . T o] DAL

J1F QAIM Frap ay ossmt-maeo RE"R‘SEVu‘\?)VE PRINT O Tvpg
Priaves W«ME AND MAILNG ADDPESY OF AGENT BELOW .

L. X. Amdbrose .

iCl5 - 3¢ Avenue .-

Seattlie, Wasnington ©8104

7] ARDITIONAL :NFONMATISH RELATING 1O WATFR OUELTY

 AND, OF WELL CONSTRUCTION 8 AV AL ABLE

Do I R Al R .. B i o Y e S~ -*&
M

RFTISN ALl THRET COPIES 1T+ CARBONS hIaly ALONG W T= YOUR LEE T

DEPARTARENT OF ELTLTGY -

WATER D'GHT CLAMS REG STRATON - - -

v CORIGINAL L T TLewtd W aSHINGION $340s -

e L. .

'
o,
. :
&I{-.Z:&S..«.L L 4 A :‘“715
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STATE OF WASHINGTON e
DEPARTMENT OF ECOLOGY
_ WATER RIGHT CLAIMS REGISTRATION R

WATER RIGHT CLAIM .. ccz2il-

':;‘-NAME 1 AXKE UNION DRYDOCK COMPANY ) b 7

ADDRESS 1515 Fairview Ave: £

ceattle. Washington  cove__98102

2 SOURCE FROM WHICH THE RIGHT TC 'i'AKE AND MAKE USE OF WATER 1S CLAIMED: Surface ‘ -
¢ . . . (SURFACE OR GRouy WATER)

W.R.LA.

(LEAVE BLANK)

A. IF GROUND WATER, THE SOURCE 1S ] -

A%

B. IF SURFACE WATER, THE SOURCE 1S 1 2o tinion

'. 3 THE QUANTITIES OF WATER AND TIMES OF USE CLAIMED
A. QUANTITY OF WATER CLAIMED up to 150 "gallons/minRRESENTLY USED OCCE$S ionally up %o

(CUBIC FEET PER SECOND OR GALLONS PER MINUTE) 150 gpm
B. ANNUAL QUANTITY CLAIMED 5 acre ft. : PRESENTLY USED about 5 acre ft/yr
. . ~ (ACRE FEET PER YEAR) | -
C. IF FOR IRRIGATION, ACRES CLAIMED PRESENTLY IRRIGATED
‘D. TIME(S) DURING EACH YEAR WHEN WATER 1S USED: sporadic
| 4. DATE OF FIRST PUTTING WATER TO USE: MONTH January YEAR 1946
var ious PO ints within property below.
s LOCATION OF THE POINT(S) OF DlVERSlON/WITHDRAWAL FEET AND
_ . (mostly submerged shore]and)
FEET FROM THE_ _ CORNER OF SECTION
BEINGWITHIN : of secrion AL 1. A5 N, R A(EprWs) WM.
. IF THIS IS WITHIN THE LlMITS OF A RECORDED PLATTED PROPERTY, LOB_211 BLOCK_65 & 66 OF

Lake Union Shorelands addition -to City of Sectﬂe:
(GIVE NAME OF PLAT OR ADDlTlON)
! 6. LEGAL DESCRIPT!ON F LANDS ON WHICH. THE WATER IS USED:

all of blocks’ 6‘: ‘and 66 Lake Umon Shorelands

N [

addﬂ:lon to City of Seattle

COUNTY King

PURPOSE(S) FOR WHICH WATER |s USED:___ Ba1 1ast for ships and drydocks
8. THE LEGAL DOCTRINE(S) UPON WHIEH THE RIGHT OF CLAIM 15 BASED: & iparian _

-

DO NOT USE THlS SPACE S T MEREBY SWEAR THAT THE ABOVE INFORMATION 1S TRUE AND  f§
ACCURATE JO THE T OF MY KNOWLEDGE AND BELIEF °

THE FlLlNG OF A STATEMENT OF CLAIM DOES NOT- CONSTITUTE AN ADJUD!CAT!ON

| OF ANY CUAIM-TO THE RIGHT TO USE OF WATERS AS BETWEEN THE WATER USE X S S
. CLAIMANT AND, THE STATE OR AS SETWEEN. ONE OR MORE WATER USE CLAIMANTS oV W"w - -

" AND ANOTHER OR OTHERS- THIS. ACKNOWLEDGEMEM’ CONSTITUTES‘ RECElPT FOR u 3 2 f 7 Y

o THE, FlUNG FEE ' ‘DATE i
N ’ o \F CLAIM FILED BY DESIGNATED REPRESENTATIVE PRINT OR TYPE

,ADATE RETURNED THIS HAS BEEN ASStGNED I s
: WATER RIGHT CLAIM~ REG!STRY NO o " FULL NAME AND MAILING ADDRESS OF AGENT BELOW.

il 7638 8’

AP PR D ADDITIONAL INFORMATION RELATING TO WATER QUALITY
’ ! AND/ OR WELL co~smucno~ xs AVAILABLE. :

-----—-—

gy - i - R ‘ o ; - e
RETURN ALL THREE COPIES WiTH CARBONS INTACT. ALONG WITH YOUR FEE TO:
F Y ACCOMPANY THIS WATER RIGHT CLAIM
A FEE OF $2.00 MUS DEPARTMENT OF ECOLOGY
ORIGINAL DWR WATER RIGHT CLAIMS REGISTRATION
20, BOX 829 OLYMPIA WASHINGTON 98501

®u

N

8]

i




Department of Ecology

Claim Separator Sheet

Claim Number

98-000950

AR AR




L FOR OFFICE USE ONLY
STATE QASHINGTON ' .

DEPARTM DF ECOLOGY
STATEMENT OF WATER RIGHT CLAIM X / 3 3
1. DI‘. Da]'liel D. &ger5| PﬂQDc -

tame 98000550

6011 26 Ave NE WRIA
Mailing Address A8 01

Seattls ’ WA 981 1 5-71 07 Phone No. ( 206 ) 521-"-3383
Chty State Zp

. HEPT f e oG
2. Date water was first put to use on your property (see instructions) Month ___ 7 and YeaF;' rﬂl‘?ﬁ;‘!{f‘? |

3. COMPLETE ONLY ONE BOX BELOW (please read the instructions)

3a. GROUND WATER 3b. SURFACE WATER (Give name if known)
O well O River \jl Union Lake
E Infitration Trench O Creek [ Spring
Give Name 0 Ditch [] Pond
[Oother
4a. INSTANTANEOUS QUANTITY gpm | 4b. INSTANTANEOUS QUANTITY 9.71 cfs
{See instructions 10 gpm=0.02 cfs ; 1 cfs=450 gpm) {Soe instructions 10 gpm=0.02 cfs ; 1 cfs=450 gpm)
5a. ANNUAL QUANTITY OF WATER affy | 5b. ANNUAL QUANTITY OF WATER 13334 afy
(One acre foot = 325,581 galions) (One acre foot = 325,581 galions)
6. PURPOSE OF USE; '
N Irrigation (Number of acres imigated) 20.5 [0 Stockwater
[0 Domestic Use (Number of units) O Municipal
“H| Commercial (Description) Synthetic fuel production (O Other (List all)
See enclqsed Coal Gasification and Liguefaction
7. PERIOD OF USE: (M Continuous 'dﬁl Seasonal From April 15 To__ October 1
an
8. LOCATION OF THE POINT OF DIVERSION/WITHDRAWAL:
Approximately 550  Feet (mesth, south)and ___150  Feet (east, weety From The _ NW Cormer of Section ___ 30
Being Within The __ NW 174 __NW 1/4 of Section __30 T. 25 N,R.__ 4 (E . Ssimt) W.M.
9. IF THE POINT OF DIVERSIONWITHDRAWAL IS LOCATED ON PLATTED PROPERTY:
Lot 11 Block 43 of__Lake Union Shore Lands (Plat or Addition)

Section 30 T. 25 N.,R. & (E. =) W.M.

10. LEGAL DESCRIPTION OF PROPERTY WHERE WATER IS USED:
Burkes 1 st Add and Lake Union Shore lLands blocks 42, 43, 44 and 45

Within Section s 29 and 30T. 25 N. R. L (E.4%) W.M., County __ King
11. TAX PARCEL NUMBER: __ 1249700005 (1901 N. Northlake Way)
12. LEGAL DOCTRINN Appropriation [ Riparian O oOther (Use prior to 1917)
REGISTRATION NUMBER THIE & NOT AWATER RIGHT

I this form is not fully completed, it will be returned.
I hereby swear that the above information is frue and accurate to the best

0088 LW e W Zagen

Date: _ June 16, 1998

ECY 040-57 (7/97) -Ecology is an equal opportunity and affirmative action employer.




STATE OF WASHINGTON

' DEPARTMENT OF ECOLOGY

P.O. Box 47600 * Olympia, Washington 98504-7600
(360) 407-6000 * TDD Only (Hearing Impaired) (360) 407-6006
July 13, 1998

Daniel Eggers PhD
6011 26th Ave NE
Seattle WA 98115-7107

Dear Daniel Eggers PhD:

Your claim to the use of historic water has been accepted in the 1997 claims
registration. The registration number is on the bottom left hand side of the form. The
law requires that we include the following language after registration of your claim:

“The filing of a statement of claim does not constitute an adjudication
of any claim to the right to use of waters as between the water use
claimant and the state, or as between one or more water use
claimants and another or others.”

The acceptance of this statement of claim by the Department does not give you the
right to use the water if you can’t prove, in a superior court the historic use of the
water.

Please be aware under Chapter 90.14.068 RCW

.... This reopening of the period for filing statements of claim shall
not affect or impair in any respect whatsoever any water right
existing prior to July 27, 1997. A water right embodied in a
statement of claim filed under this section is subordinate to any water
right embodied in a permit or certificate issued under Chapter 90.03
or 90.44 RCW prior to the date the statement of claim is filed with
the Department and is subordinate to any water right embodied in a
statement of claim filed in the water rights claims registry before July

27, 1997.
Sincerely,
27
Candy Pjtman

Water Resources Program

Enclosure
Claim No. 300,558




——— - - -

Is your RETURN ADDRESS completad on the reverse side?

A z o - - a —_——

SENDER: o0, Y . .

#Complete items 1 and/or 2 for additional services. 3 - .SS & ) also wish to receive the

aCaomplete items 3, 4a, #~*1b. follow'—=ervices (for an :

=Print your name and &’ on the reverse of this torm so that we can retumthia | qytrg’ ‘
card to you. . -
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Dr. Daniel D. Eggers, Ph.D.
6011 26 Ave NE
Seattle, WA 98115-7107
(206) 524-3383
June 16, 1998

Mr. Keith Phillips, Program Manager

Water Resources Program

Department of Ecology

P.O. Box 47600

Olympia, WA 98504-7600

Dear Mr. Phillips:

I am submitting a water rights claim for the Lake Station of the Seattle (Gas) Lighting Company
(1906), Scattle Gas Co. (“Gasco”) (1930), Washington Natural Gas (1955), and at the current
time Gas Works Park in Seattle, WA. I am submitting this claim as curator of the historical
exhibit, such as there is at the present time.

The proof for the Appropnation part of the claim is the picture on the cover of my booklet Coal
Gasification and Liquefaction that is enclosed showing the gas plant in operation about 1910. As
noted inside the front cover the picture comes from the Museum of History and Industry, Seattle
WA, and the negative number is 83.10.8930.1

The point of Diversion / Withdrawal is marked on Fig. S1 the outline of the park, Fig. S2 the Plat
of the park area, Fig. 33 the map of the area and in Fig. 7 on page 5 in Gas Works Park — A
photographic tour with a red dot.

The numbers used to compute the amount of water used has been based upon the material you
supplied for irmgation, and upon calculations of how much water was used to make Synthetic
Natural Gas (SNG) at the Lake Station at peak capacity. The information about the capacity was
taken from the article “How Seattle Met Worst Winter Demands”, Gas Age, March 15, 1943,
page 31, taking into account that the number of generators had been triple by the end of 1947,
According to my calculations about 564,681 gallons / day was consumed making gas. I am
guessing that about 20 times that or 11,293,621 gal / day was also used for heat transfer, but it was
not otherwise consumed in the process of making the gas. For instance cold lake water was
purnped through pipes in the intercooler shown in Fig. 20 on p. 18 of my booklet Gas Works Park
— A photographic tour while the hot gas passed over the outside of the tubes inside the intercooler,
so there was no mixing of the water and the gas. In addition to the water used to make the gas 41
acre feet per year would have been used for irnigation.

There are a number of additional specific points I wish to make in my water right claim:

1. I claim the right to rebuild the 1ake heat exchanger (lake exchanger) by placing pipes in the
water in Lake Union for the purpose of transferring heat to the water in the lake through the
walls of the pipes, mostly as a historical exhibit. Fig. S4 shows a picture of the Lake exchanger
in 1947. The size of the lake exchanger at that time was 18 ft by 50 fi. The current area where
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the lake exchanger will be restored is shown in Fig. SS5. Part of the old lake exchanger was
filled in with concrete to make a sidewalk, and the current size is approximately 18 fi by 18 fi.
The location of the lake exchanger is also shown on the cover of my booklet Gas Works Park —
A photographic tour.

. I claim the right to use the lake water for demonstration scale use in making synthetic fuel up to
two acre feet per year, and 40 acre feet for cooling (heat transfer).

. The water will probably be used primarily to make the grass green at Gas Works Park, but it
will not be used as potable water.

. The quality of the water in Lake Union according to the Lake Union Water Quality /
Environmental Assessment, Vol. 1, Executive and Technical Summary, Brown and Caldwell
and Associated Firms, Nov. 1994, has been found to have “good overall water quality”.

. In addition to using the area in the lake for a lake heat exchanger, the actual use of the water
will probably be less than:

41 affy for irrigation

2 affy for fuel synthesis
40 af/y for heat transfer
83 af/y Total

However, in the event of a national emergency, such as, but not limited to a nuclear war, I
reserve the right to use the full amount of the water claimed on the claim form to put the Lake
Station back into operation doing fuel synthesis. The Lake Station was put on standby by the
Washington Natural Gas Company in 1956, and if a national emergency does not occur, then
you can consider the Lake Station to still being on standby.

Thank you.

Sincerely yours,

L) id ), [agons

Dr. Daniel D. Eggers, Ph.D.
Ph.D. in Computer Science
M.S. in Mechanical Engineening
B.S. in Mathematics

B.A. in Economics

P.S. 1 originally started out to be a chemust like my father.




Fig. 51

Qutline of ias Works Park
Seattls, YA
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Fig. 54 Lake (heat) exchanger 1947
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Dr. Daniel D. Eggers, Ph.D,
P.O. Box 85641
Seattle, WA 98145-1641

ABSTRACT

At one pomt in_time there were a total of 1440 gasification.plants.in the United .States. In 1932
l;licrewcrc144,000gasuvcnsinuscﬂmtgasiﬁed532mﬂ]iontmlsufcoalaycm‘. Today the entire
industry is all gone, Ductol;hedcc[hcintheworld'oilmpplythcoilﬁ:dmﬂyasweknowiltoday
will also become extinct. However, our socicty will survive just as it survived the passing of the
coal gasification industry. This paper presents an interesting look at the now extinct gasification
industry both becauss it is interesting in itself and as a bridge to the fature, We synthesized natural
gas when it was necessary to do 80, and we will also synthesize gasoline at reasonable cost when it
is neccssary to do that.. .

Cover: Fig. 1 The cover shows a picture of the Seattle (Gas) Lighting Co. Circa 1910 when coal
was used to make Synthetic Natural Gas (SNG) thar was used for lighting and cooking.
ctc. Museum of History and Industry, Seattle, WA Neg. # 83.10.8930.1
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Introduction

In general the point of this paper is that when we did not have natural gas we made Synthetic
Natural Gas (SNG), and when all of the oil is gone the world will not come to an end We will
simply make Synthetic Gasokine (SG). The author and the DOE are currently working on
inexpensive processes for the gynthesis of SG.

Coal Gasification

Thcooalgaa:ﬁcanondmtm]lbcdmcuswdmthssechonls typical of the coal gasification that was
used during the 18008 and the early 19005, In the case of the Seatile Gas Co., the comversion
from coal gasification to oil gasification fook place between 1936 and 1938, Today the technology
that was used here, and in other locations, in the carly 19008 is now referred to as dirty coal
technology. The now technology (hat has been developed more recently by the U.S. Department
Of Energy (DOE) is referred 10 as clean coal technology. The reason why the coal technology that
will be discussed in this first section is referred to as dirty coal technology is because it produced
and emilted coal tars. Some of the coat tam are suspected of being carcinogens, but fortunatcly
most of those compounds can be successfully treated by bioremediation techniques.

Coal Gas Ovens

Fig. 2 Seattle Lighting Co. gas ovens that were located at the Lake Undon gas plant. The I shape
of the ovens, and alsc the fact that they are grouped in groups of ninc ovens indicates that
these are Gas Machinery Company ovens for the production of city gas[l]. Special
Collections, Univ. of Washington Librarics, Neg. # 17746.

Before natural gas wag available in Seatile Synthetic Natural Ges (SNG) was produced from coal.
During the period when the gas that was being manufactured it was called “city gas”, City g2 is
no longer manufactured in the United States, because it has now been replaced by natural pas.
The last city gas manufactured in Seaitle was made in 1956,
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Clean Coal Technology

The United States Department of Encrgy has finamced the development of a large number of clean
coal technologies that do not produce the pollution due to tar thai the old dirty coal technology
uscd to create. In my tclephone conversation with DOE headquarters 1 was told that DOE has
financed the development of 45 different clean coal technologies[31]. That ought to be enough to
convince anyone that we do have the technology to do without amy foreign oil

A recent computer scarch of the patent literature since 1969 rovealcd that there have been 305
patents granted that are rclated to coal gasification. In addition there have also becn 264 patents
that were granted related o coal liquefaction. .

All of the oil companies have processes for coal liquefaction so they will continuc to be able to
make gasoline when oil is no longer available. One of the most prolific publishers of coal
technology patents is the Texaco Co.

In Seattle self service patent scarches can be conducted at the Engineering Library at the University
of Washington. Patent scarches can also be dono at other federa) depository librarics nation wide.

Other sources of information about coal gasification and tiquefaction inchude: The Encyclopedia
of Chemical Technology, aricles in Hydrocarbon Processing, Ullmann's Encyclopedia of
« Industrial Chemistry, ctc.

The truth about our situation is that the problem is not that we have no aliemative to going and
dying for oil, but rather which of the hundreds of cxcellent altcrnatives to put into use first.

Additional mformation about DOE’s clean coal techniology program can be obtained by visiting
DOE's internet page at WWW.FE.DOE.GOV

The Chemistry of City Gas Production

Hydrogen (Protium) was first recognized as an element by Cavendish in 1766, and it was named
by Lavoisier{3]. , City gas was first successfully produced in 1792. [4]. Attempts had been made a
couple of decades eardicr, but the bricks that were nceded (o hold the heat while the gas was being
made were not available or used until 1792,

The reactions that are necessary to make city gas only occur at high temperatures. Consequently
the first thing that must be done is to put the coal into the coal ovens and start the coal burning to
heat up the refractory bricks that will hold the heat during the gas production portion of the cycle.
The temperatures in the flues during the gas making portion of the cycle were frequently in the
range of 2,550° - 2,600° F (1400° - 1425° C)[5]. The portion of the cycle when the coal and
ovens were being heated up was referred to as the blowing portion of the cycle, because blowers
blew air through the coal to make the fire burn very hot. Unfortunately during this portion of the
cycle some coal tars were blown out of the chimney and into the emvironment. The other portion
of the cycle was gas producing part of the cyclo. During gas production the ovens would cool
down and it would then be necessary to switch back to a hlowing cycle to get the ovens warmed
up again. Blowing periods and gas making periods would then alternate during the gas production.
Byhzvingmorethanoncmofminabattctyitwaspm'blctogcmrategasmorcurless.
continuously by blowing in some ovens while generating gas in other ovens. The chemical
rcactions that were used to make city gas were thermal cracking of the coal combined with the
water gas and ghift reactions.

The Water Gas and Shift Reactions

The water gas reaction involves hlowing stcam (water) through the bed of coal and that caused
fragmentation and it also reacted with the coal. At high temperatures the formation of carbon
dioxide is favored over the formation of water, so the carbon steals the oxygen from the water

producing hydrogen. Once hydrogen is formed it is then free to engage in chemical reactions 1o
prndnccnew;)roducts Somcofﬂaemwprodmtsﬂutmfonnedmﬂlccon'q:onmmnfﬂleclty

gas that is produced.
Desired reactions

Coal molecule*

HHHHH
[
H--C—-C—C—-C—C~H
11 1 1

HHHHH

U Cracking

H H
| <= What we have |
-C—- H--C-H
I What we want = |
H H

(Methanc)

* The molecule shown is actually pentane. The structure of coal (and bunker C) is more
complicated, but the same process works for all of the feedstocks.




Making hydrogen
Water gas reaction Energy change
H,O + Coke = 51%H,; +42%CO + 6%CO0; +1%N; [8) +498.06 kJ/mol
(Steam)
Shift reaction
ICO + 3H,O = 3CO, + 3H, -123.48 J/mol
(Steam)
Hydrogenation
H
! I
~C-- + 2H; = H-~-C--H -202.26 kJ/mol
I I
. H Totl +172.32 KJ/mol

'I"hcsignofmemergychangcisthemournafwomwnconﬂwggtem. A positive sign indicates
that encray must be supplied and a negative sign indicates that encrgy is released. As a result of
mcpusitivesignonthclotalitindicatesmataddiliona]enerymustbesuppﬁndlothesysm
That is why the gas ovens cooled off during gas production. The encrgy neceded for gas
production was obtained from the bricks, and when they cooled off too much it was then
nccessary to heat them up again with another biowing period. The calculations shown do not take
mio account cracking that requires energy, but does not lead o products, combustion that
produces carbon dioxide that produces energy, etc. As a starting point see [9] for more details,

Making city gas
Oxygen process (Partial oxidation, ideal process)

C+0;, + C+ HO = Energy + H; + COy =
{Steam)

.Hz - CO, (absorbed in water) > H; + Cracking = Methane
fragments (natural gas)
(1000 BTUAY)

¢ The actual starting molecule for these calculations was propane, and the products were assumed
to be 52.5% H, and 31% CH, s shown in [10].

S

Gasoline

— e

—
-

Polymerization F—*
Atkylization

Sulfur
Nitrogen
Jet fuel

sgline
-
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treating
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*—] reforming

Hydrogen
unit
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Delayed
coking
= unit

catalytid

cracking
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Fluid
unit

Steam
Oxyqgen

Coal
This Is essentially the process used by the Germans during Warid War II

to moke gasoline from coat. Copyright © 1993by Dr. Daniel D. Eggers, Ph.D.

- Coal Refinery




Air process

C + 21%0; + 78%N, + C + HyO —Energy + H + COy +N; =
{Steam)

N; + H; - CO; (absorbed in water) — N; + H; + Cracking => Methane

2 = " fragments  (natural gas)
B .
" S Result: 0.2%0; + 52.5%H; + 31%CH, + 3.2%N;  [10]
9 > = 615 BTU/R’
v = .
) f t i E £
L > 5 Air separation (distillation)
o c b2 o0
E .To..' 'g 2 Table 2 Propertics of air at ambient pressure
N o
Y N hc Baiting
= 0
o i * i £ 3z g E Gas Percent  Point (°C)
o < £ . N, 78.03 -196.0 .
d 3l 1o o £ 8 o, 20.99 -183.1
J o 2 g o g x Ar 094  -1857
3l Q i © o ] ¥ PO CO: 0.033 -78.5 (Sublimes)
ey @ & |9 w o v <
S| £l oy - G { ) . . ) , .
v Z| a4y - > ’ - Carbon dioxide can easily be scparated from air due 1o the difference i the temperature at which it
_ ° X -g +| 4 9 condenses of ficezes. Because the amour is so emall, and becausc it is inert it is not necessary to
o c u o o < x 8 o B separate Argon from the other gasses. A description of how oxygen separation was done for use
v @ g £ = IS I in manufacturing city gas can be found in “Report of sub-commitice on use of oxygen in water gas
o E L E o w2 -
Qo+ =L 0n o) machines” by Frey{11].
L O g Q cl n o
SPE OIS E of & Y B
55 |SLS SIER R Steam reforming vs. Electrolysis
Of ofaf © "cé
S | I a U Steam reforming:
o ] uaB0JpAH - v e
£ . .
ﬁ z g °>’., @ P E Efficiency of steam reforming = 60% [12], [13] .
3 & z o —— S X > &
o puy “ 8z 5 155885, S v 1 unit of Hy = 1/.60 = 1.66 units of C
&l & E p B :o_: Ye [OF i 1 £3
4 9| & & 2 ot € (ko ! & w
b U U D g o Electrolysis:
[, - LAY
- I Sl B 28 9 ° d Efficiency of clectrolysis is 57%to 82% [14]
b ol | X n Efficiency of clectrical transmission 97%
= L] el g £8 Efficiency of generating clectricity from coal 37% [15]
3 =
S B 4 n lunitof H, = (((1/.82)/ .97}/ 32) = 3.4 mits of C
©
|
-u -
&

12




Electrolysis units of C

Carbon dioxide ratio:

= 2.05 = Twice as much carbon dioxide!!!
Steam reforming units of C

The conclusion here is that if you are concerned about the amount of carbon dioxide produced,
then electrotysis should not be used to produce hydrogen!
Energy per atom

C+ O = CO; - 3935 W/mol

H; +120; = H;0O - 241.8 k)J/mol ~ 120.9 k/mol H atoms [16]

Energy per H atom = -120.9 = 0307 » 1/3

.Encrgy per Catom  -393.5
The conchusion here is that if the cost is the same for an atom of carbon as an atom of hydrogen it

18 better to take the carbon atom, becausc you get about three times as much energy as you would
gotten if you had take the hydrogen atom. In addition having some carbon in the fuel mereases the
density of the fuel, and it makes il cagjer to store. City gas is lowser in energy than natural gas,
because pure hydrogen does not contan any carbon. If the Higher Heating Value of 142.9 kJ/mol
had been used the ratio would have been 6.363, or still about 1/3 [36].

Composition of by-product coke oven gas

After removal of the ammonia, light oils, most of the carbon dioxide and the Lar the composilion of

by-product coke oven pas in terms of percentage was:

Table 3 Average composition of by-product coke oven gas[18]

CO,; 2.0

Tluminants 3.2 (such as C;tL) [19]

Oxygen 03

CO 5.5

CH, 323

Hydrogen $1.9

Nitrogen 4.8

Specific gravity 0.394
BTU per cubic foot 569.0
H,S pounds per 1,000 cubic feet 0.61
Naphthalene, gr. per 100 cubic feet 0.95

Because of the problems with storing hydrogen it is very unlikely that hydrogen will ever be vsed

as a transporiation fuel However, if hydrogen was to be used as a transportation fuel, it is,

mnteresting to nole that coke oven gas produces methane (CH,) and hydrogen in approximaiely the
right ratio 10 usc the methane to heat homes and offices and hydrogen for use as a ransportation
fucl

Oil Refinery vs. Coal Refinery

Crude oil does not contain enough hydrogen to permit it to be comverted into gasoline. In order to
make up the deficiency oil companies currenily use the waler gas and shift reactions, that were
covered earlier, in a partial oxidation process that uses oxypen to produce the additional hydrogen.
The partial oxidation process resulis in the loss of some carbon as carbon dioxide, but it also
converts some of the heavy oil into lighter compounds that can be upgraded for usc in gasoline.
The partial oxidation process takes place in what is called 8 Delayed Coking Unit that is shown in
Fig 7, that is the diagram of an oil refinery.

Because heavy oil is very deficient in hydregen it is actually very gimilar to coal, and what works

for heavy oil will also work for coal Fig 8, is a diagram of a coal refimery, that shows
diagrammatically how gasoline can be produced by using coal.

Counting our blessings

God has kept his promise to provide us with what we need by providing this nation with an

" enormous supply of coal that can be used to make all of the gasoline we need without a single drop

of foreign oil. That is fortunate because one of the ten commandments is “Neither shalt thou
steal "[28], and that commandment means is it would be wrong for the United States to take oi
from the people in the Middle East by force,

As previously mentioned we can make all of the gasoline we need from coal. However, we can
cven reduce our dependence on oil further by using the nuclear power that the Lord has provided
for stationary applications. Approximately 30% of the oil that is used in the United States is used
for residential and commercial space heatimg{29] that could be replaced by electricity generated by
nuclear reactors. In fact all of the clectricity that this pation uses, cxcept that that comes from
hydroelectric sources, should be generaied by nuclear reactors to save our supply of coal for
making gasoline in the future,

The bottom line here is that we need to give thanks unto the Lord for providing for our needs as
he has promised m Matthew 6:25-33(30).

While it is true that no one needs to go and die for oil, because we can make all of the gasoline we
need without if if our nation usea the gifts that God has given, that should not be interpreted to
mean that it is OK to refuse military service, because if is not,

11




Qil Gasification

Figure 6 shows a typical SNG generator that produced city gas from cil. One of the two pipes
around the top (white) distributed a combinsation of oxygen and steam to injection ports around the
perimeter. The other pipe distributed hot off to the alternate ports, As can be seen lower down in
the picture there is also a second set of pipes for injection at a lower level in the same SNG
generator. When the temperature dropped too low for good pas generation the door on the top
was opened and air was blown through the genmerator to burn the excess carbon that had
accumulated on the side to heat the generator up. When the generator had been heated up the
door was closed and a now gas generating cycle was started.  The SNG generators were lined with
refractory brick that was cafled “checker brick” that retained the heat from blowing cycle for use
during the generating cycle. SNG generators of this type can be seen at Seattle’s Gas Works Park.

The oil that was used was Bunker C fuel ail. Bumker C was a very heavy and not very desirable
grade of oil, and that made it inexpensive.

Fig. 6 Oil Synthetic Natural Gas generator

10

By-products

from by-product coke ovens

The gas that was generated by the coke ovens was called “foul gas”, because it contained tar,
water, light and heavy oils, coal dust, etc. in addition to what would eventually be the gas supphied
fo the city.

OVEM BATTERY

= AMMONLA, COM ENTIRATIOM PLAMT -

Fig. 5 Flow chart of by-product recovery system (diagrammatic), with Recovery of Ammonia as
liquor or indirectly as ammonium sulfate[20}.

Coke

Coke is made from coal by heating the coal to remove the volatile matter and ash. Coke is used by
stcel mills, and in processes at foundrics. Coke was also used domestically for heating, because it
bumed cleaner and produced less smoke than coal. The coke produced in Seattle was used for
foundry and domestic purposes..

Tar

The production of tar by coke ovens and oil gasiftcation plants was one of the worst problems that
had to be dealt with. Howcver, becausc tar was necded for roofing, etc. there was a ready market
for the tar.

Some of the tar condensed in the collecting main and was flushcd out into the tar sump. After the
foul gas left the collecting main it was then sent to a primary cooler. As the gas cooled, additional
tar condensed and formed globs of tar. The tar in the bottom of the primary cooler was then sent
to the circulating tank, and the pas was sent (o an exhansier. An exhanster was a pump that sucked
the gas through the system, and it also helped to remove the last few fine drops of tar by forcing
them to impinge on a surface. After finc drops had impinged upon a surface they were then
collected from the tar extractor and sent to the circulating tank.




The circulating tank at least partially separated the tar and the liquid. Some of the solution in the
circulation tank was pumped through the collecting main to flush out tar that had condensed in the
collecting main, as alrcady mentioned. The rest of the solution was pumped into decanters. The
decanters were tanks with vertical metal plates in them. The tar that had a specific gravity of 1.18
at 15.5/15.5 degrees C [21] would sink to the bottorn and then be sent to the tar storage tank. The
liquid from the decanters would then be sent to the ammonia liquor storage tank.

Pipes and equipment occasionally started to become plugged up with tar. Because that was a
constant problem steam injection points were provided in a large mumber of location so that the
tar could be melted out of the pipes to keep the plant operating.

Ammonia

After the tar had been remowed from the gas it was then sent through ammonia washers that would
wash the ammonia out of the gas by contacting the gas with a fine spray of water. After the
ammonia had been absorbed by the water it would be sent to the ammomia storage tank. The
ammonia solution in the ammonia storage tank was a fairly weak solution. In order to mcrease the
concentration of ammonia the solution in the ammonia storage lank was sent to a still that
separated most of the water from the sohution. Once the concentration of ammonia had been
increased it was then possible to add sulfuric acid to the solution to precipitale out crystals of
ammonia sulfate that were nsed as fertilizer.

The ammonia yield was about 0.2 to 0.4 percent of the coal[22], but ils commercial value made it

one of the most important producis of the by-product process. At the titne when coke oven gas
was being made, before the Halber-Bosch process was im wide spread use, coke owvens were the
primary source of ammonia in the United States, and a larpe factor in the supply for all countries,

The Halber-Bosch process[23] for manufacturing ammonia was discovered in 1905, but it was not
used significantly in the United States unti afier 1924,

_Ammonia i5 used in the manufacture of nitric acid, explosives and fertilizers. Ammonia is also

used in refrigeration systems.

Light oils

Light oils were recovered from the gas mixture by contacting the gas m a counter current direction
with a spray of heavy oil The oil was called “straw oil” at that time. Today when there is an oil
spill straw is used to absorb the ¢il 5o that it can be removed from the environment. Since the
heavy oil absorbed the Light cil it was probably logical to have called the oil “straw oil”. In the
early years the straw oil only absorbed about one percent light oil. The heavy oil and the light oils
were then separated by fractional distillation into the various components and the heavy oil was
then reused, but that was not very energy cfficient. Other “straw oils™ were found later that would
absorb eight percent light oils, and the process has continued to become more and more efficient

The light oils in the gas mixture were mainly benzene, toluene, xylene, sobvent naphtha, etc. Each
of the different components boils at a different 1emperature, so they can be scparated from one
another by fractional distillation.

One of the light oils that was recovered was toluene, and that was used to make explosives. As a
result the coke ovens and later the oil gasification plants in the United States played an important
role in winning World War 1 and World War I  In fact, the Uniled Staies Government was so
desperate for toluene that it paid to install additional city gas plants and expand existing ones in
arder to increase the production of toluene during those warsj24].

H,S

Hydrogen sulfide was removed from the gas by passing it along with some steam through what
were called “dry boxes™. Dry box technology for the removal of sulfur had been deweloped in the
1860s{25].

The dry boxes contained wood chips that were coated with iran oxide. The iron oxide that came
from rusted materials or some iron ores were catalysts that were used to reduce hydrogen sulfide to
clemental sulfur in a nltiple sicp oxidation reaction. The conditions that were reported to be
optimai were 65 percent humidity at 100° F[26] along with the addition of some air to provide the
oxygen necessary for oxidation. The reactions that took place were an absorption of the hydrogen
sulfide by the iron oxide forming an iron oxysulfide as an intermediary with water being, produced
as a leaving group. Next oxygen would replace the sulfur on the iron thus regenerating the catalyst
and resulting in the formation of clemental sulfur. The sulfur could then be extracted with one of
the following solvents: 1) ammomum sulfide solution or 2) organic liquids such as carbon
disulfide, hydrocarbon oils, or halogenated hydrocarbon solvents. - Ammonium sulfide required
prolonged extraction and more heat. The problem with using carbon disulfide and orgamnic liquids
was that they would ordinarily extract both tar and sulfur. Additional information about sulfur
extraction can be found in reference [27).

A number of dry boxes were connected in series to remove sulfur. However, the first dry box
would inevitably be the one that absorbed the majority of the sulfur, so pipes and valves were
installed so that the order of the dry boxes could be changed to distribute the sulfur more or less
evenly between the differemt dry boxes. Changmgtheorderof&wdn'boxeswasrefcrmdtoas
“rotation of the boxes”.

Sulfur was used as a pesticide, and it was also used for making sulfuric acid.

Carbon Dioxide

Most of the carbon dioxide in the gas was removed by contacting the gas with water under
pressure. Anyone who drinks carbonated beverages knows that carbon dioxide dissolves in water
when it is under pressure. Everyone also knows that when the pressure is relieved the carbon
dioxide Jeaves the water. Once the carbon dioxide left the water it could then be reused to remove
more carbon dioxide.




1, 2 Ol tanks

1, 2 55,000 barrel oil tanks
3 Small oil tank
4 Oil heaters
5 Waste heat boiler
6 Play Bam (See Fig. 9)
7 Relief gas holder
8 Gas exhauster (tar extractor)
9 Electrostatic tar precipitator
10 Cooler
11 Light oil absorber
12 Station meters
13 Dry boxes (sulfur removal)
14 Lake heat exchanger
15 XPV gas compressor
16 Intercooler
17 City gas holder
18 High BTU water gas set
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equipment at Gas Works Park. The area now

Fig. 1 The cover shows the general lavout of the _
o] ake Station” when it was owned by (he

occupied by Gas Works Park was called the
Scanle Gas Company.

Answers

1. The temperarure increase as a result of compression in the twrbocharger in a Vohvo is 72°F

2. The expansion of the volume due to the increase in temperature without an intercoaler would
be about 13%

Jet engine design (Turbomachinery design) is a senior clective course in Mechanical Engincering,
Not even Freshmen in college are prepared to do the necessary mathematics to acnuailly design
turbomachinery. So. if you are still in high school do your homework. but do not waste your tme,
at this point, trying to understand somethung that is way over vour head at the moment. It is good
10 be curious and do scientific calculations based upon actual facts. but some things will have lo

wait unti) you are benter prepared.
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I.ake Station

Introduction

The Lake Station. that is now Gas Works Park, was built to produce Synthetic Narural Gas (SNG)
for use in Seartle and the swrrounding area before the natural gas pipeline reached Seartle. This
booklet has been written to explain how the equipment for making the SNG worked when it was in
operation. Duc to the rust on the equipment onc may get the impression that this technology is no
longer in use, however. (hat is totally incorrect. The chemistry that was used to manufacture SNG
is still in use in every oil refinery in the world. In spite of the appearance of the equipment today,
it is actually a bridge from the past to the future, because it demonsirates that when we needed
namral gas we could synthesize it which should convince everyone that after the oil is gone we will
be able to svnthesize gasoline too.

Hvdrogen (Protium) was first recognized as an clement by Cavendish in 1766, and it was named
by Lavoisier [2]. Synthetic Natural Gas, that was called “city gas” at the time, was first,
successfully produced in 1792 [3]. Atiempts had been made a couple of decades earlier. but the
bricks needed to hold the heat while the gas was being made were not available or used uniil 1792,

From 1906 uniil the installation of the frst oil gas generators in 1937-38, the Lake Station gasifie
coal The story of the coal gasification era is covered in a separate booklet entitled “Coal

Gasification and Liquefaction”[4].

The SNG generators that are currently located in Gas Works Park are oil generators. They
operated by cracking oil at high temperatures which were about 1650° F at the beginning of a gas
generating run, and 900° F at the end.  Afier the oil had been cracked. hvdrogen was added to the
molecules. The hydrogen was obtained by using the so called water gas and shifi reactions.



Reactants (ingredients)

Oil storage and heating

Bulk oil storage was provided by two 55.000 barre! oil tanks (£1 and #2 in Fig. 1) contained in an
mpound wall to prevent a spill in the event of a leak in 2 tank. The impound area was Jocated in
the Northwest section of the station. A srnaller oil tank was located west of generators 5 and 6,
(#3 in Fig.1). QOil was delivered by ship to the Lake Station and was pumped from the ship into
the bulk storage tanks. From the bulk storage tanks it eventually flowed into the smal} ank near
the generators. After leaving the small tank ncar the generators it was sent to the oil heater heat
exchangers shown in Fig. 3 (#4 in Fig 1). The oul heaters used waste heat from the gas exiting the
M ‘i P

Fig. 3 Oil heater heat exchangers and [0.000 CFM air blowers
generators to heat the incoming oi while cooling the exiting gas. Heating the oil going into the
generators made it possible to make longer gas generatng runs because the generators were not
cooled down as quickly as they would have been by cold oil.

. Heat Exchangers

Fig. 4 Shell and ruhe heat exchanger

To be able to follow the expianation of how things worked. it will be necessary 10 understand how
some of the ¢quipment functioned. so let us first icok at the heat exchangers. Heat exchangers are
widely used picces of equipment. and many of them were used at the Lake Station. They are also
extensively used in oil refineries, and are even used 1o heat water in large buildings. Figure 4
shows a heat exchanger made for demonstration purposes. The shell side of the heat exchanger is
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the area inside the outer shell and outside the inner tubes, The wbe side of the heat exchanger is
Referen ces inside all of the wbes. This type is called a shell and fube heat exchanger. The rwo fluids usualiv
flow in opposite, or counter current directions through the heat exchanger, but in this type of heat
exchanger the two [luids never come into contact with each other. Hear is just simply transferred
through the walls of the tubes. Although there are exceptions, the horter fluid normallv goes
through the shell side and the cooler Huid goes through the wbe side.

. Effinger. R.T.. Seanle’s New Oil Gas Plant. Gas Age. April 14, 1938, p.29. Effinger was
president of the company at the ame.

Budavari Susan, Editor, The Merck Index. 11th Editlon. Merck and Co.. Inc.. Rahwav, N1
1989. #4719. p.759.

Steam + Oxygen
. Mahagaokar, Uday, and Krewinghaus, A.B., Coal Conversion Processes (Gasitication), 0 yge

! ta of Chemical Tec . 4th Editon. Vol. 6. John Wil d Sons. New York. - - . S
N fg’;’;d:)“s‘:l emica. l:;;h:?—g’f‘f?‘mh e ol Deveimprmens Commonmyr ork The building part of the Play Bam Fig. 7 (#6 in Fig. 1) can be divided into two primary areas.
. s pdl ’ . One parl is the boiler house, that is essentiaily the North hall, and the pump house that is

. Eggers. Daniel D., Coal Gasification and Liquefaction. 1997. essendally the South half

The Pump House can be divided into three arcas. The area on the West end is where the pumps

. E.. On i i Metallurgi incering. Sept.. 1920, , . :
Norton, E.E.. Oxygen Scparation, Chemical and Metallurgical Engincering. Scpt.. 1920 are located for compressing the SNG. The equipment in the East end are “Exhausters” that both
. Frev, A.C., Report of Sub-commirtee on use ot Oxygen in Water Gias Machines, Proceedings fﬁ;ﬁéﬁfﬁ:ﬂf;&?;ﬁi :::dﬂios:;r;::cii?f zom the gfhs at the S'm;c‘ m:-:' Sj:(; .
. J . s . . U e o oxvgen that was used mn the
American Gas Association, Atlantic City. NJ, American Gas Association, fnc., 1925. generators and nitrogen that was returned 1o the air,

. Steam - Iis Generation _and Use, Babcock and Wilcox Co., 37th Edition, Babcock and
Wilcox Co.. 1955, p. 23-11.

Air Separation
. Blawvelt. Warren S.. Byproduct Coke and National Defense, Gas Age. Feb 3, 1938, p. 16.

. Butler. Edward, Qil Fuel: its supply, composition, and application, Charles Gnffin and Co. In 1920 E.E..Nonon published a process for making oxygen thar utilized compressors and heat
Lid., 1914, p. 22, 23, 28, 29. ¢xchangers with cnergy recovery to reduce that amount of energy that was required to caol the air

and separate the components under pressure]$). Low cost oxygen that could be used to make

. Budavari, Susan, Editor, The Merek Index, 11th Edition, Merck and Co., Inc., Rahway, NJ, SNG was not available until after 1924 when the process had been successfully demonstrated.

1989, #9952, p.1583, ) )
The air separation plant is located in the center portion of the pump house. The air was initially

f;omprcssed by the compressors in the center section of the pump house. After it was compressed
it was run through an intercooler, and then heat exchangers that would cool the gas down unril the
oxygen would become a liquid, but the nitrogen would remain a gas. The oxygen could then be
scparated from the nitrogen. On the way out of the separation system both gasses went back

. Porter, Horace C., Coal Carbonization, American Chemical Society, New York, NY, 1924,
Table 39, p. 312. daua is for horizontal retort gas.

. Hiller. Heinz and Reimert. Rainer. Gas Production. Ulmann's Encyclopedia of

Chemistry, Sth Edition, Vol A 12, VCH Publishers, New York. NY, 1989, p. 179. The l.hl:ough the same heat exchangers to cool down the incoming air while the exiting gasses were
aﬂu thors were with the Lurgi Corp. being reheated.  The oxygen was then heated further and sent to the SNG generators along with |

some process steam from Boiler 9.

. Collins, Robert D., and Oakley, Michag! J., Combined reformer and shift reactor, U.S. Patent :
5,458,857, col 1. 1995, .

. Private communication with Rolls-Rovce PLC in which they indicated thev had an
autothermat reformer and shift reactor with an efficiency of over 90% based on Higher -
Heating Values (HHV) for both methane and hvdrogen.

. McAuliffe. Charies A., Hydrogen and Energy, Machlillan Press Ltd.. Hong Kong. 1980, p.
32 -

. Douglas, John, Bevond Steam: Breaking Through Performance Limits, EPRI Jounal, Vol
15, No. 6. Dec 1990, p. 4. The figure given was for a state of the art plant.

. Chang, Ravmond, Chemistry, 4th Edition. McGraw-Hill. Inc.. New York, NY, 1991, p. Al0.
Onlv the Lower Heating Value (LHV) can be achieved in transportation applications.
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Fig. 5 Jefferies-Norton Corp. Gas Separation Svstern [6]

After the nitrogen had been heated back up it was still under considerable pressure, so the nitrogen
was cxpanded in an expander shown in Fig. 6 that is pant of the gas compressor in the Southwest
end of the pump house. As the nitrogen ¢xpanded in the expander it provided part of the power
required to compress the finished gas and pump it into the ciry holding lank (#17 in Fig. 1}. The
fact that most of the energy required to compress the air was recovered in the process is what
made oxygen affordable. The nitrogen was eventually super heated in boiler number 9 and used to
drive the stcam engme of the nitrogen compressor.

—

Steam engine  Nitrogen ¢xpander engine Gas compressor

Fig. 6 XPV gas compressor with nitrogen gas expander
25




The Kelley Pressure Filter

The Kelly Filter consisis of a supporting frame. steel pressed shell. filter carriage. filter leaves and
quick locking head mechanism. The cast iron hiead 15 mounted on wheels which run on the outer
track on top of the supponing frame. while the rear end of the carmage runs on tracks inside the
shell The leaves are all of the same length but of different sidths. and are made of rolled steel
pipc and double crimped wire screen.  The forward comers of the ieaves are connected to
openings through the head. through which openings the filtratc passes oul of the press. The [ilter
cloth is made in the form of bags and sewed on the leaves.

A cycle of operation consisls in closing and locking the filter. building the cake. expelling the
excess sludge, washing with water or other solution. expelling the excess wash water, and drying
the cake by letting air flow through cake. and then opening the filter and discharging the cake.

=ede

Fig. 26 Briguet machinery. carbon black drying kilns ai rear (1]
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Lake suction dock
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Fig. 7 Play Bam arca with Boiler House and Pump House



Boilers

There were two boilers in the boiler house, Boiler number 9, which has been removed, provided
process sieam and boiler number 11 provided engine sieam to drive the engines of the pumps in
the pump house. Both of the boilers were designed to bumn a combination of low melting point tar

and oil. .

The reaction used inside the SNG generators is called the "water gas™ reaction, but steam was
actuallv used to avoid cooling the generators down more rapidiv than necessary. At least parr of
the process steam was used in the SNG generalors was generated by pumping lake water through
boiler number 9. The lake water was pumped into the sysiem by beiler feedwater pump number*
1. After the water left the feedwater pump it went through the intercooler heat exchanger (see Fig.
7) that cooled the finished gas while heating up the water prior to entering boiler number 9. When
the water actually entered boiler number 9 it was already partially heated, and the boder then
converied the warm waier into steam, The steam was then combined with oxygen and the mixture
was sent through insulated pipes to the SNG generators.  Some of the stcam was probably also
. generated in the waste heat boiler attached to the older Semet-Solvay SNG generators,

Corrosion causes hundreds of billions of dollars of loss every vear in the United States. In order 1o
slow down the rate of comroston, rust inhibitors are added to the water in boilers. Rust inhibitors
could not be added to the lake water that was converied into process steam in Boiler 9, because the ' Fig. 23 Photograph of two of the Smoke Arrester Hoods in place (1935). Special Collections.
water only went through that boiler once.  However, rust inhibntors were added to the water in ‘ Univ. of Washington Libraries. Neg. #1771} [35]

Boiler 11 that produced engine steam. Because the gas company did not want 1o lose the
chemicals thev had put into the water for Boiler 11, after the steam had been used it was
condensed back into water and sent back to the boiler to be used again. [ we stant at the botfer
where water is ftumed into steam at about 125 PSI we can follow it around the loop. The steam
went from the boiler to a stcam engine that provided the power to run the pumps in the pump
housc. After the sicam lefl the pump it next went to a condenser where it was condensed back
into water. The liquid water from the condenser weni into boder feedwater pump 2. From there
the pump sent the water to the boiler feedwater heater that is the large cylinder just outside the
Southwest corner of the pump house. The water was heated up a certain amount in the boiler _,
feedwater heater using waste heat from another stream. The water then left the boiler feedwater ‘

> heater and it was sent back to the boiler to be converted into stcam for another round,

Boiler number 11 was shipped to Seattle on Septermber 1. 1941,

Information below and on the next page has been aken from Steam -- It's generation and use {7
and information provided by Babcock and Wilcox.

Fig. 8 Construction of tube and brick wall — particularty suilable for oil and tar fired boilers.
The water tubes in the wall of the boier provide water-cooling to keep the refractory
bricks within their operating temperature range.

Fig. 24 Phaotograph of the Smoke Arrester Hood (1997)
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SMOKE ARRESTER HOODS ON
WATER GAS MACHINES

In 1934 the Scaitle City Council passed Ordinance 64604 that required the Seanle Gas Company
to reduce the enussion of smoke, noise and odor from its Lake Union plant. The following is an
excerpt from the gas company’s response to the Seattle City Council having to do with its
reduction of smoke, and it also describes why the red hood in the play area is shaped the way it is.

The diagram showe the principle on which these hoods operaie. The large funnel “A” 18 about ten
feet in diameter. Inside of this is the stack “B" which (lares at the top to make a funnel within a
funnel. In the center and abowve the top of Lhe stack is a double cone “C". The outer funnel is
partially covered with a circular plate “D” which bends downward at the point “D”.  As the
mixmure of bumed gasses, and the heavy particies of soot ash, coke dust, etc. which are
represented by the arrows, moving upward through the stack, strike the lower cone “C” they are
diverted over against the inner funnet “B” reflected upward against the underside of “D” and then
downward against the top of the cone “C” and out. In the course of these several changes in
direction the heavy particles of solid matter represenied by black dots drop out and are collecied in
the two skirts “E” on either side of the funnet “A” and are conducted downward through the pipes
“F".

These arresters were designed by the Company’s own engineers after building several models and
two other different full sized heads, which were abandoned afler tnial because they were not fully
satisfactory. The hoods above described have been installed on all three of the water gas sets
which are used in regular operation. Because of the high temperatures to which these hoods are
subjected, it appears lo be impossible 0 keep them panled and this is the cause of the
discoloration of the one on the [¢fi, The onc on the right was the last one installed on he “stand
by" generator set and has not been heated up.

Fig. 22 Diagram that shows the principle on which the hoods operate

Information on this page and the ncxy. f:‘rom;Repon of Seaitle Gas Company to the Public Safety
Commitiee of the City Councit of the City of Seaitle on steps taken to comply with requirements
of the city ordinance no. 64604. (1935) [34]

22

Fig. 9 Type H Stirling Boiler
General description .

Bent tube boiler unit, generally ticld assembled. Some small sizes can be ;.hop assembled and
shipped. Usually without superheater, though super heater may be firted.

Ratings

General Boiler 11
Range in Size, Steamn ourput to 50,000 LB per hour 50,000
Design pressure 160 to 300 LB per sq. in. 200
Operating pressure 15 to safety valve sciting 125
Steam temperature saturation 10 175 F superheat
Fuel oil and gas; coal with all types of stokers; oil and tar

bagasse (restdue) and wood
Operational control, usually manual
Furnace refractory, frequemily water-cooled for oil or
coal firing
Dimensions — Smallest 15filong x 6 Awide x 151
Largest 25fifong x 18 flwide x 23 fi 25filong x 18 fiwide x 200

Indicated field of application

a) In the production of steam for heating, process or power needs within the ourput and.
specifications noted above, using any of the fuels listed.

b} Where utmost simplicity and minimurn first cost are prime factors.

¢) Where use of low cost fuels does not justify an economizer or air heater. However. either or
both may be installed if warranted by (he evaluation of the saving in purchaged fuel.

d} Where stmple field erection methods can be followed

General comments

The type H Stirling boiler is essendally simple and inexpensive. It is panicularty well suited for
moderate duty service and limited headroom. With good combustion efficiency that can be
maintained cven at very low rates of output -- often an important advantage when used for heating
service.

The siandard baffle for this unit is in checker form which in cffect, permits a single-pass or
straight-through gas flow. This arrangement gives good efficiency without the higher draft loss
usually associated with sharp gas tumns in multi-pass flow.
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Products: Gas and byproducts

The product that the Lake Station was built to produce was svathetic natural gas. but in addition
there were a number of valuabie byproducts that were sold. Not all of the ol was
successfully converted into natural gas as intended. Some of the oil was converted into tar. There
was a ready market for the high meking point tar in Seartle. because it was needed for roofing.
However there was not as much demand for the lower melting point tar, so it was mixed with oil
and used as boiler fugl to make steam.

Other praducts included lamp black which is carbon of very small particie size, charcoal briquettes,
sulfur, benzene that was called benzol at that time, and toluene that was called toluol at the time.
The lamp black, essentially carbon dust. is used as pigment in rubber tres, inks and as a coloring
agent for stoves. lamps. etc. Some people bummed charcoal briguettes instead of burning coal for
heat. The advantage of bumning charcoal briquettes was they produced less smoke than coal and,
0 were cleaner. Sulfur was in demand for use as an insecticide. The benzene was uscd as an
oclane booster in gasoline. The Octane number for benzene is 106, so it is verv desirable from an
oclane rating standpoint. However. we now know that benzene is also carcmogenic. Toluene has
an octane number of 97. and it can also be used to boost the octane rating of gasoline, but it is also
used to make explosives. In fact the United States Government was so desperate 10 get the 1oluene
during the wortd wars that it actually paid to install gas plants sirnilar to the Lake Station, and to
expand others in order to get the toluene for the war efforts [8]).

Making Synthetic Natural Gas (SNG)

The six large round cylinders on the west side of the park are the SNG generators. They have
been referred to as "oxygen generators” in some of the documentation. because they used oxygen
rather than air when making SNG. However, they actually consumed oxygen rather than

producing it.

The six existing oil SNG gencralors were numbered from one 1o six starting at the lake and going
North. Installation of generators 1 and 2 was started in 1937 and completed in 1938. Installation
of gencrators 3 Lhrough 6 was started in 1946 and completed in 1947 to meet the demands of a
- growing city. The Scattle Gas Company originally planned 10 insiall only two additional
generators, but later decided to install four. Generators | and 2 were Semet-Sotvay type that
included a waste heat boiler (#5 in Fig, 1) on the east side which has been removed. A waste heat
boiler makes the operation more efficient and less cosity when the price of oil is high. Apparently
the cost of ail was low enongh when the newer Semet-Solvay SNG generators 3 through 6 were
installed that no waste heat boiler was installed.

The feed material used to make SNG was Bunker C fuct oil from California. Bunker oil is very
low quality inexpensive oil. and tended to be mostly ring compounds. It had a specific gravity of
0.94 - 0.96, 84.4% carbon, 11.1% hydrogen, 0.59% - 3.3% sulfur, and 18,550 to 18,800 BTU
per pound. The percentage of hvdrogen appears (0 be rather low, but the standard for reporting
percents of fucls is to quote weight percentage. Hydrogen is much lighter than carbon, so the
number of hvdrogen atoms are not as few as onc might think. The oil was black and very
viscous[9]

The oil was coaverted into SNG at high temperaturcs.  The oil was first heated in the oil heater
heat exchangers located on the East side of the generators between the older Semet-Solvay
generators and the newer Semet-Solvay generators. Fig. 10 is a picture of SNG generator number
6 when it was first installed. The two rings around the top are pipes covered with asbestos
insutation that were removed before the park was opened. One of the pipes distributed hot oil to
nozzles that spraved it into the generator. The other pipe distributed a combinauon of oxygen and
steam. If the ports around the gencrator were numbered then onc could sav that hot oil was
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High BTU water gas equipment

The high BTU water gas equipment (18 in Fig. 1) probabiy used a higher grade of oil. and they
also consisted of a generator. carburetor and a super heater. The six large SNG generators
produced gas in a single shell, However. the disadvantage ol the single shells was that the
conversion of hydrogen and carbon to methane did not go as tar as it would have if there had been
a longer residence time. The gas company was required. by ciry ordnance. to mainiain Mminimum
BTU vatue of 550 BTU per cubic foot. (Naturally occurming natural gas has a nominal BTU vaiue
of 1000 BTU per cubic foot.) In order to satisfy that requirement the high BTU water gas
equipment was used to produce some additional higher BTU gas to maintain the required BTU
value. Hydrogenation of the carbon to produced methane that boosted the BTU value of the gas
primarily took place in the super heater portion of the high BTU water gas unit. Blue gas also
contained an appreciable amount of carbon monoxide, and that aiso raised the BTU vaiue of the
gas. Al one time there were a total of six units. The one located across from the concession sland
is the only one that remains at the present time. The unit is nearly complete, except for the wash
box and the control system that is shown in Fig. 21.

In 1934 the Seattle City Council required the gas company 10 reduce the emission of smoke from
the Lake Stution. To comply the plant engincers developed smoke arrester hoods for the high
BTU water gas sets that are shown in Fig. 23 and Fig 24.
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Fig. 21 Standard high BTU United Gas Improvements cone-top carburetied-blue-gas
apparatus {33}

21




The future

What remains of the Lake Station at Gas Works Park is acuaily 2 bridge berween the past and the
furure. It is a bridge is because it is possible for us 10 see that we made our own fuel in the past,
and we can sce that we can make our own fucl in the furure without oii. The Depanment of
Energy’s “New” Clean Coal Technology uses a number of the same reactions that were used here
at the Lake Station in the past. However, the wr that caused so much troubie for the people who
were trving to make city gas is the very thing that DOE is trving fo increas¢ in the production from
coal. because the tar that is obtained is later upgraded into gasoline,

Currently more than half of the gasoline produced by all of the oil companics uses the reactions
that were used fo make SNG here at the Lake Station. As a result. one can not actually say that
the chemisiry that was used in the old rusted shells here in the park is old and obsolete. For those
who are interested there is another booklet entitled Coal Gasification and Liguefacrion{4] that

describes the coal era at the Lake Station and the chemistry in greater detail.

The clement Carbon can prabably be oblamned from coal for the next couple of hundred vears, but
making gasoline requires hydrogen as well. One way 1o obiain hvdrogen is 1o use the water gas
and shift reactions that were used here at the Lake Station along with the production of some
carbon dioxide. The other way to produce hydrogen without producing carbon dioxide is to do it
by thermochemical separation of hvdrogen and oxygen in water by using heal from a nuclear
reactor. The details for such a process are given in the 1973 patent 3,761,352 entitled “Method
and Device for the use of High Temperature Heat-Energy. in particular of Nuclear Qnigin (for the
production of hvdrogen)™[29].

Nuclear reactors are safe in spite of the fact that some people with no specialized education may
try to tell you otherwise. When they arc trving o tell you otherwise you should keep in mind that
the Chemobyl accident occurred after they had defeated the automatic control gystem during an
-experiment”. Nuclear waste is not a problem., because if Uranium 238 and Pluonium were
removed from the tvaste the one long Ierm storage site we now have would last 100 vears,
Comversion of the Uranium 238 to Plutonium would increase our energy supply and it would
eliminate the need to store Uranium 238 anywhere.

What we need to do is to stop listening to the Evil One’s followers. who do not want us to use
what the Lord has given, so that they can send us to die trying to sical somcone else’s o1l even
though the Lord has said “Thou shalt not steal.”{30]. In Philippians 4:19 it says that “God shall
supply all vour need"[31], and ke has. All we need to do is to use what the Lord has given us, and
then we will have all we need without a single drop of foreign oil. Ephesians 6:12 tells us that our
real batile is against evil when it savs. “For we wreste not against flesh and blood. but against
principalities. against powers. 2gainst the rulers of the darkness of this world, against spirirual

wickedness in high places”[32).
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injected in the even ports and 4 combinavon ol sieam and oxvgen was injected in the odd
numbered pons. In other words they aliemated around the generator. X can alse be seen that
there was another set of piprs and injection ports around the generator at the jevel of the first cat
walk,

When the steam and oxvgen were imected into a hot generator afong with hot cil they reacted in
what is referred to as the water gas reaction, Basically a carben atom from an oil molecule steals
the oxvgen from a water molecule, resulting in the production of hydrogen that is then combined
with another carbon atom 10 produce methane. Methane is the major component of natural gas.
The oxygen spraved into the generators was simply to bum part of the od to produce heat to Keep
the process going. The carbon dioxide formed in the process was eventually absorbed in the waler
used later in the process, and in that way was eliminated from the gas.

Fig, 10 SNG generator number 6 soon afier instaliation in 1947.

The waler gas reaction is slightly endothermic, which means that it requires some additional heat,
and consequently the generators would cool off during a gas producing run. Fig. 6 shows the
refractory bricks that line the insides of the SNG generators. The purpose of the bricks was to
insqlatc the gemerator and store the heat produced during a burning period se that it could be used
du!'mg a gas generatng penod.  When the generators were started up same oil was spraved inte the
units and bumed to heat themn up. When they cooled off too much duning the gas making phase
the top of the units were opened. and the lefi over carbun was burned with air from the blowers to
heat the units up. Once the units had been reheated they began another gas making run, The
process was stagpered so that some were generating gas while others were being reheated.




Fig. 11 Refractory brick in SNG generator No. §

Desired reactions
il molecule™
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(Methane)

* The molecule shown is actually pentane. The structure of bunker C is more complicated, but

the same process warks for all of the feedstocks.

because more pumping power is required, and the tank must be stronger. Thus it was more
advantageous 1o cool the gas instead. If the gas had not been cooled the tank would have had to
have been a lintle over nwice as large.

Volvo automebiles have rurbochargers that compress the air used by the engine using exhaust gas
to mumn the compressor. The temperarure of the air is also increased in a Volvo when the air is
compressed. As a resuit an intercooler is also used in a Vohvo 1o decrease the volume of air in
order to make the compression part of cycle more efficient, However. in a Volvo evenvihing is on
a much smaller scale.

The normal pressure in a gas line is about 300 PSI. Therefore. let us assume that the storage
pressure in the tank needs 1o be 600 PSI to supply gas to the gas lines. If we assume that the gas
pressure at the input 1o the compressors was 30 PSI and the pressure in the tank is 600 PS]1 we can
then use the formula for isentropic compression. equation 2, to calculate how much the gas was
heated up as a result of compression.

T2(at 600 PSI} = T1{before compressor) * (P2/P1)™ (R/C,(SNG)) = 641.75°F () [25]

G, is the heat capacity at constant pressure of Synthetic Namral Gas. This requires some
complicated averaging, because SNG is not a single gas, but rather a mixture of gasses. The result
is that C(SNG) = 2.894 kl’kg*K. The value of R given in references, such as Chang{26} must
be converted to make the units compatible. and in this case the value of R = (0.7567 kkg*K.
Temperatures T1 and T2 must be in Kelvin, and ambient temperanure, or T1, is always laken to be
300 K in combustion work. so we might a8 welluse T1 = 300 K. Unless you are an aspiring jet
engme designer it is probably best just 1o take my word for it.

Ome thing that should be mentioned here is that the air that was compressed in the air separation
plant was also heated up beyond ambient lemperature as a result of compression. In order not to
have to pay to refrigerate the air later on, the compressed air in the air separation plant was also
sent through an intercooler prior to being cooled down further. That helped to save energy in the
arr scparation plant,

Composition of the finished gas

After removal of the tar, light oils, sulfur, and most of the carbon dioxide the composition of the
gas in terms of volume percent was:

Table 1 Awverage composition of the gas[27)

CO;, 2.0
Muminants 3.2 (such as C,H,) [28]
Oxygen 0.3
CO 5.5
CH, 323
Hvdrogen 51.9
Nitrogen 4.8

Because of the problems with storing hydrogen it is very unlikely that hvdrogen will ever be used
as a transportation fuel. However, if hydrogen was to be used as a transportation fucl it is
interesting to note that the gases produced methane (CH,) and hydrogen are in approximately the
right ratio to use the methane to heat homes and offices and hvdrogen for use as a transportation
fuel,
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Compression and storage of the gas

After the tar. light oils and sulfur had been removed. the gas was ready to be compressed and sent
to the city holding lank for storage. From the cinv holding tank the gas was then sent to the
customers through the gas company s distribuiton sysiem.

The gas was compressed by two very large compressors in the west end of the pump house. The
gas compressors are labeled W and XPV in Fig. 7. Because clectricity is generallv more expensive
than steam. the compressars were steam powered, and thev had large {ly wheels to make sure thal
thev operated smoothly. The XPV compressor shown in Fig, 6 has about a 3,000 HP rating. The
compressed gas was run through an intercooler shown in Fig. 20 (#16 in Fig. 1, also see Fig, 7)
and then sent to the 2 million cubic feet collapsible city holder tank (#17 in Fig. 1).

When the gas was compressed in the pump house its temperature also increased by approximately
642° F. Hot gas 1akes up more room than cooler gas. so the gas was then cooled in the intercooler
in order to save storage space. The gas went through the shell side of the intercooler heat
exchanger. and lake water went through the tube side to provide the cooling,
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Intercooler
Fig. 20 Intercooler for linished gas

The volume of a gas depends upon temperature according to the ideal gas law that is:

V = nRT (1) [24]
P

Where ¥ is volume, n is a given amount of gas, R is the universal gas constant, T is temperarure
and P is pressure. Because T is in the numerator, the higher the remperature is the greater the
volume that will be required to store the gas. An increase in volume resulis in an increase in the
cost of the storage tank. and that is very undesirable. Since P is in the denominator. the greater the
pressure is the smaller the tank can be. However, it also costs money (o mcrease the pressure,
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Making hydrogen via the water gas and shift reactions
Water gas reacgon Energy change

H;O = Carbon = 51%H, + 42%C0O - 6% CO, -~ 1%N; [10] +498,06 hI:mol
{Steam) {from oil}

Shift reaction

3CO + 3H,0 = 3CQ, ~ 3H, ' -123.48 kJrmol
(Steam)
Hydrogenation
H
I [
-C-- ~ 2H; = H--C-H =202.26 k}rmol
| |
H Total +172.32 kI/mol ¢

Water gas and shift reactions vs. electrolysis

Water gas and shift reactions:
Efficiency of water gas and shift reactions = 60% [13), {14)

TunitofH, = 1./.60 = 1.66 units of CO,

Electrolysis:

Efficiency of electrolysis is 57% to 82% [15]

Efficiency of clectical transmission 97%

Efficiency of generating cleciricity from coal 37%  [16]

Tunitof H; = (({1/.82),/.97)/.37) = 3.4 units of CO, .

Carbon dioxide ratio:

Electrolysis units of CO, = 2.05 = Twiace as much carbon dioxide!!
Water gas + shift units of CO,

The conclusion here is that if you are concerned about the amount of carbon dioxide produced,
then elecmrolysis should not be used to produce hydrogen.

¢ The actual swarting molecule for these calculations was propane. and the products were assumed
to be 52.5% H, and 31% CH, as shown in [11]. See [12] for energy calculations.




Energy per atom
C+0; = CO; - 393.5 KJimol

H: ~ 1/120; = H;0 - 241.8 XVimol ~ 120.9 kIrmol H atoms [17]

Energy per H atom = -=120.9 = ¢.307 = 1/3
Energy per C atom  -393.5

The conclusion here is that if the cost is the same for an atom of carbon as an atom of hydrogen it
is better o take the carbon atom. because yau get about three times as much energy. In addidon
having some carbon in the fuel increases the density of the fuel, and it makes it casier to store.
City gas is lower in encrgy than naural gas, because it contains hydrogen, and hydrogen does not
contain any carbon. If the higher heating value of 142.9 kJ/mol had been used the ration would
have been 0.363. or still about 1/3 {18]. [t should be noted that the higher heating vajue can only
be achieved in heating applicalions and not in transportation fuel applications.

Another interesting thing to note about hydrogen is that because it is the lightest atom it has the
highest energy per unit weighl. That is why NASA uses liquid hydrogen in its rockets. However.
gasenus fuels are not purchased by weight. They are purchased by the cubit foot, and hydrogen
has the lowest energy density of any of the fucis on a per cubic foot basis.

City gas (SNG)

Let ns return to the SNG generators and follow the gas stream from the generators back to the
pump house and on 10 the city storage tank.

Tar removal
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Fig. 12 Diagram of gas flow through primary tar removal equipment [19)

Once the SNG and byproducts had been formed inside the generators the mixture was first sent
through a wash bex shown in Fig. 13. The water in the wash box would coof the rmxmre coming
out of the penerator enough that the highest melting point tar would condense and sink to the
bottom of the wash box. Lamp black was also removed from the top of the wash box. Fig. 12
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Fig 19 General view of newly erccted benzol recovery plant with distillation towers[1]

Sulfur removal

Sulfur was removed by passing the gas through a serics of “dry boxes™ (413 in Fig i). The sulfur
was in the gas in the form of hydrogen sulfide. It was removed from the gas phase by low
lemperature combustion that produced water vapor and elemental sulfur. Dry box technology had
been developed by 1860[22]. The dry boxes were fitled with wood chips coated with iron oxide
that acted as a catalyst for the reaction. The conditions reported as ideal for the reaction were 65%
humidity and 100° F23]. Some stearm was added to increase the humidity and a litle air or
oxygen was added to make the formation of water possible.

A number of dry boxes were connected in series. but the first dry box would alwavs remove the
greatest amount of sulfur. In order to distribute the sulfir more or fess evenly berween the dry
boxes pipes and valves were provided so that the order of the drv boxes could be changed to
distribwte the sulfur more uniformfy. Changing the order of she drv boxes was referred 1o as
“rotation of the boxes™.

As mentioned earfier. sulfir was used as a pesticide. but it was also used to make ammonium
sulfate and sulfuric acid,

Once the gas had passed through the dry boxes, it next went to the lake exchanger (<14 in Fig 1)
where the water vapor in the gas mixture was condensed out of the gas by heat exchange with the
water in the lake. All of the gas passed through the inside of the rubes that made up the lake heat
exchanger, and onlv heat passed through the walls of the mibes. As a resull. using the lake water
for cooling did not cause any pollution 1o the water in the lake.
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Absorber Cooler  Station meters

Fig. 17 Light oil absorption system and station meters

After all of the tar and light oils had been removed, the remaming mixture of gas and hydrogen
sulfide was sent through the station meters shown in Fig. 17 (412 in Fig, 1).

Distillation towers

A number of different components in a mixture, such as benzene, toluene, naphthalene and straw
oil can all be separated from one another in a single pass through a distllarion tower,

Distillation towers have a number of trays inside them, and the vapor rises through the different
trays. The temperature is highest at the bottom of the tower and coolest at the top of the tower.
As the vapor riscs if it becomes a liquid when it enters a particular tray with a certain temperature
the substance, such as naphthalenc will stay in that tray.  Other components with lower boiling
points will simply go through the next tray up until they also become liquids.

Onc way in which vapors can get from tray to tray is to go through “bubbie caps”™. Bubble caps
prevent the unrestricted flow of vapors up the column by forcing the vapors to bubble through the
liquid on the tray. If the component has the same boiling point as the bquid on the tray it joins the
liquid on the tray. If it has a lower boiling point it simply bubbles through the liquid, and it goes
up to the next tray level where the process is repeaied for another temperature range.

*e te‘

Fig. 18 PBubble cap in a tray in a distillabon tower
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shows lamp black coming out of a wash box and being sens to a lamp black thickener through a
flurne.
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Fig. 13 SNG gencrator (left), wash box {cenler) and primary scrubber (right)

From the wash box the remaining mixture went to a tall primary scrubber shown in Fig. 13. The
primary scrubber was cssentially a direct contact heat exchanger where the gas flowed in a counter
current direction through a spray produced by water cascading over a wooden lattice. The primary
scrobber is shown diagrammatically in Fig. 12. The scrubber cooied the product mixture and it
removed additional tar. At that point most of the tar had been removed from the mixture,

Fig. 14 Secondary scrubbe

After going through the primary scrubber, the mixture next went through a secondary scrubber
shown in Fig. 14. The mixture also flowed in a counter current direction through cascading water
in the secondary scrubber, and then it went inta a telief holder (#7 in Fig 1). The refief holder was
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a collapsible tank of one half millon cubic foot capaciny. The r;licf' holder during this perio.d of
time appears 10 be the 1ank that was used previoush as the city holder. . The amount of gas
produced by the SNG generators varied depending upon how many were in operaton ar}d how
many were going through a reheat phase.  The reliet hoider helped to even out _lhu: tlow ot gas 50
that the rest of the equipment could process gas at a constant rate. The 2 million cubic toot city
holder, (¥17 in Fig 1), was also a collapsible tank that expanded when more gas was produced
than was consumed, and it collapsed when more gas was consumed than was being produced.
The citv holder was necessany, becausc the gas plant made gas at a constant rate. but people
consumed more gas during the daytime than they did at night.

The gas. from the relief holder. next went to the exhauster end of the pump house fvhcr_s i went
through Connersville fype gas exhausters (tar extractors) similar to those shown 'm_Flg, 152 (48 in
Fig 1). Exhausters both pumped the gas through the system and also caused the fine drops of 1ar
to impinge upon the pump blades. When the fine drops of tar impinged upon the pump blades
they formed larger globs of tar that were then removed from the gas stream. Once the tar had
been removed from the gas stream it was mixed with oil and sent to one of the two boilers in the

bonler housc side of the Play Bam.

Fig 15b Diagram of Smith type gas exhauster (1ar extractor) [21]

After the gas went through the exhausters it next went (o the electrostatic. precipitators. (#9 in Fig
1). The clectrosiatic precipitators removed the finest drops of wr by antracting them 10 high
vollage wires. Afier the tar hit the surface of the wires it would yun down the wires and out the
bottom of the precipitator. When all of the tar had been removed the gas was next sent to the hight
oil absorber,

Boiler Elecirostatic
feedwater far
heater precipilators

Fig. 16 Boiler feedwater healer and electrostatic far precipitators

Light oil absorption

The mixture of gas and light oils was first sent 10 a cooler that cooled the mixturc to the right
temperature to make it possible for the maximum amount of the light oils to be absorbed. The
cooler is shown in Fig. [7 (#10 in Fig. 1). After going through the cooler, the gas and the light oils
were contacted with heavy oil called straw oil in a counter current direction in the light oil
absorber. The absorber was filled with wood chips so that the straw oil would cascade over the
chips and make better contact with the gas. The absorber is the tall tower in the middle of the
park. The absorber is also shown in Fig. 17 (#11 in Fig. 1). When there is an oil spill, straw is
normally used to absorb the oil that has been spilled. So, it is probably fogical that they would
have called the heavy oil that absorbed the light oils “straw oil”. The light oils were benzene,
toluene and naphthalene. Each of those oils, and the straw oil have different boiling points,
Because the boiling points were different the components could be separated by fractional
distiflation in a distillation tower in the light oil area south of the pump house. The benzene,
toluene, and naphthalene were stored in tanks and later sold. After separation the suraw of was
then sent back to the light oil absorber to absorb more light oils.
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