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Study Area

Spatial extent

* Northern boundary corresponds with
the upgradient extent of the Catahoula
outcrop

 Eastern extentis the TX—LA border
(Sabine River)
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Model Configuration

Neches

Model layering

« Layer 1: Alluvium and Beaumont Clay
« Layer 2: Chicot Aquifer

* Layer 3: Evangeline Aquifer

 Layer 4: Burkeville Confining Unit

Trinity

San Jacinto

» Layer 5: Jasper Aquifer
« Layer 6: Catahoula Formation

Model time discretization

* 1896: 1 (Predevelopment)
* 1897-1939: 3 (about 14 years each)
e 1940-1969: © (5 years eaCh) Updip Outcrops and updip limits

of the Gulf Coast aquifer system

e 1970-1999: 30 (annual)
« 2000-2018: 228 (monthly)
268 total

: Alluvium

- Beaumont Fm. (clay)

Beaumont Fm (sand)

Chicot aquifer

Evangeline aquifer

I Burkeville conf. unit

Jasper aquifer

- Catahoula conf. unit

Downdip



North-South
cross-section

Model Configuration
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Layer 4
(Burkeville)

Model features
 Code: MODFLOW 6

* Cell spacing: 1 km x 1 km

~12.000
ft thick

= ’ Outcrops and updip limits

REChar €. RCH paCkagE‘ of the Gulf Coast aquifer system
= . . [—} Alluvium

M' CSUB paCkage - Beaumont Formation
» (Offshore: General head boundary gt siuife

Evangeline aquifer Voo,
s —Streams HIVEI' (maln Stem) - Burkeville conf. unit rﬁfafea -
| | Jasper aquifer f‘ar,bn - .

Drain packages (tributaries) R crsmonts cot




Model Features

Model-area rivers

» Used to route surficial recharge that Lk
does not enter the deep system o (e .

River

* River package': used for 7 major rivers
(dark shading)

 Drain package': used for named
tributary streams (light shading)

Brazos

Colorado JREEEAEE i

General-head boundary
: : ECERF < ySes: Griig g BT o b P 0 R |
 Simulates offshore area in layer 1 of ver R il “RERENE Y PWE e

Outcrops and updip limits

» GHB cells at downdip model limit in 7 b
> General-head | Alluvium
EaCh |ayer boundary - Beaumont Formation

Chicot aquifer

Evangeline aquifer

I Burkeville conf. unit

f | Jasper aquifer

- Catahoula conf. unit

"Langevin and others, 2017




Model Features

o g e

Recharge 106 climate p ® ¢

' - - stations |
* Can use many different methods to estimate. This N e R
project used the USGS Soil-Water-Balance code’ | WA N e . QPR

 Climate data obtained from NOAA, soil properties from
NRCS.

Study area precipitation (1897-2018)
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Mean-monthly precipitation, in inches




Model Features

Spatial distribution of water

Groundwater use use representingall

model time
periods

* Modeled groundwater use prepared by Intera Geoscience

Water use by aquifer
.~ Chicot

* To account for uncertainty in estimates, an adjustable
range was used during model calibration

. Evangeline
@ Burkeville
- Jasper

@ Catahoula

¥ -
. mm
=1

1,600 | | | a— | |

Predevelopment to
1,400 [~ early development

Transition to developed Regulation and post-
condrtions developed conditions

1,200 |~

1,000 |~

— o e e e s

800

600 |~

400 -

Groundwater use, in millions of gallons per day

| K Ll | = |, L | | 1
1900 1920 1940 1960 1980 2000 2020

Year

Above-mean precipitation — -~ Study area groundwater use—dashed
Below-mean precipitation where uncertain
— == (reater Houston area groundwater use—

- : _.'rI“I;.E'-‘;'I Ll A -£L_211I:.: .I- . : _-_-.:. gt j . - B - :I‘_Fr:-l"-;..;'-:-:-?:ll‘ E.' _-'-'.l'lr.:-_l.'. -'.: .'."'. :I_r_. :; ..I:
= R e '_l o . :E' ; e i < i ." L ”.. ‘..'-:_..;-.-....-I..::.I:-.-r."al'_l-.E " _i _...:::.."__;: i X
dashed where uncertain i e R SRR R AT
| .

N 1879 Houston Water Works plant




Groundwater Levels

* Changes in groundwater levels
occur because of changes in the
volume of water stored in the
aquifer

* The U.S. Geological Survey, the
Texas Water Development Board,
and others monitor groundwater
levels in the study area

Groundwater level, in feet below

Chicot aquifer (well 294415095165301)

land surface

10

140

210

280

350

420

Jasper aquifer (well 301828095272404)

F?Tu#ﬁwf?}\
THNH
1

EE
W

=P
=
|

—

M

=
I

5

=

Groundwater level, in feet below
land surface
oo
o
|

=

1925 1935 1945 1955 1965 1975 1985 1995

2005

2015

1935

1945

Radius of the
circle represents
relative number of

Observations perwell —*

1955 1965 1975 1985 1995 2005 2015

:J'I

-

00000

Observation wells

Color represents hydrogeologic
unitin which well was completed
Chicot aquifer

Evangeline aquifer
Burkeville confining unit
Jasper aquifer
Catahoula confining unit




Model Features

Groundwater levels

as monitoring In the study area has increased

 Most groundwater levels taken from December—
February each year

* A programmatic approach was used to prepare
groundwater levels used in the model

Groundwater-level observations
|

» Greater number of groundwater levels through time

3 500 Mean-annual groundwater-level observations

I I

800 ; | | 1

- . - .

600
500
400
300
200

100

Number of groundwater-level observations

U - |
1910 1920 1330 1940 1950 1960 1970 1980

Year

Fp]
.E B 1897-2018
S 3,000
g
S 2500
=
a =
% E 2,000
8 G
= 3 1,500
S .
= 1,000
i=
@ 500
=
—
= 0
Jan. Feb. Mar. Apr. May June July Aug. Sept Oct Nov. Dec.
Month
EXPLANATION
[ Stress period
1 B 1913-26
B 1927-39
1 1940-44
B 194549
| 1950-54
Bl 1955-59 .
1 1960-64 ® ©
1965-69 o
| Annual stress period :
B 1970-99
1 Monthly stress penod—
Data summed annually
2000-2018

1990 2000 2010 2020

Circle radius represents
relative number of

observations =
per well irﬂ\
@B @
O
o
o 0

Observation Wells
. Chicot

. Evangeline

® Burkeville

. Jasper
@ Catahoula



Subsidence

Original land surface

Coarse-grained
{sediments

=7~ IFine-grained
= ‘| sediments
Pore fluid

[

The weight of the overlying

rock and water is balanced by
the pore-fluid pressure and the
: _;- intergranular or effective stress.

|

= Pore
space

Clay

particle

Groundwater withdrawal from

+ confined aquifers reduces fluid

| pressures (p). As the total stress
(67) remains nearly constant, a

| portion of the load is shifted from
the confined fluid to the skeleton
of the aquifer system, increasing

the effective stress (6,) and

Bedrock

causing some compression and
resultant subsidence.

Upli

Subsidence

Ity

Effective stress and compaction

Clay
particle

As water level increases, a
portion of the load is shifted
from the skeleton to the fluid,

decreasing the effective
stress and causing some

| expansion and resultant
small uplift of land surface.
2 ]

Subsidence

| Under the principle of effective
stress, the compaction of a thick
sequence of interbedded aquifers
and confining units can proceed
only as rapidly as pore pressures
throughout the sequence can
decay toward equilibrium with
reduced pressures in the pumped
aquifers. Most of the land
subsidence occurs as a result of

the permanent compaction of the
confining unit, which may be

delayed due to their slow drainage.




Subsidence

Datasets
HARRIS Houston

« Extensometers: measure compaction in the aquifer system. COUNTY O
Fourteen extensometers at 12 sites pdicks Nortwest

7. Bayto
Pasadena -{. ¢

— Seven measure compaction in Chicot aquifer, six in Chicot +
Evangeline aquifers

@™ southwest

Fort Bend East End

FORT BEND
COUNTY

— 13 extensometers were installed between 1958 and 1980

8 %s,
fo 4, S, %, W o o, o, 7Y )
&0‘9&3‘ %’5& ﬂ%{’qu %'f‘f 4%?&- O'P’f’e/ 0;%0( "o - Co %’5’-9/ @% &Ee‘éf Moy

% TS O 6?0.» £ % ’E?@ G’Gb € 5 Of@r -’E;r@ S « Op ¢ Q-Q’
= | —
s 500 . ° &
| o
o -1,500 ° @ ~ @ Chicot
- .
= Evangeline
= -2,500 :
@ i l l l o m Burkeville
S apnn m Jasper
E i l l l l l l . CatahDUIa T
-~ i l l l l l l l l l l l l et B

b NAVD; North American Vertical Datum of 1988 £ T —— .,
_ S h *CORS site; Ft Bend extensometer not shown e R
— Pasadena extensometer

X

Lake Houston extensometer




Subsidence

30°30
MONTGOMERY
 Benchmarks: The GULF model was
calibrated to leveling data at 105 CONROE M
benchmarks s
— 20 benchmarks: Occupations during 1906— L5l _ & l mw ﬁ B
1918 through 1987 or later . \‘wwwifif.w.m,; o \
\ e PTSION E:;NGH@}L/’
— 39 benchmarks: Occupations in 1932-33 30°00 “_W‘_!,\ V650
through 1987 or later ' ‘\ o
. \ H.‘LHH!_H SE‘-EEi
— 97 benchmarks: Occupations in 1942-43 ---N?Ei\vmam
through 1987 or later (LS e TR
- -1\H | ]
— 18 benchmarks: Reoccupied in 2019-21. A , SN e ‘LE;:;
total of 10 of these benchmarks have data | zou¥Sos “adoge 2 5%
from 1932-33 through 2019-21 . = J

. FORT BEND
Urban area—~Cities and roads j

® Monumented benchmark and
benchmark name
Benchmark group
® Extensometer—one symbol

may represent more than one
extensometer

= 1906 leveling lines
1918 leveling lines
— 1932 leveling lines

/ | @

¢ ALVESTONE ™

29°00" %



Subsidence

* The GULF model was calibrated

to vertical-displacement data at
178 GPS stations

 Earliest GPS data available
beginning in 1994

* (Generally greater rates of
subsidence in northern,
northwestern, and western parts
of the greater Houston area

GPS CORS
Station LKHU

Urban area—Cities and impervious roads
Global positioning system (GPS) group
GPS station and identifier—Color

95°30
MONTGOMERY

30°30°

represents rate of vertical g i
displacement, 20162020, in B i 1y |
" /pg71 TXCN \
centimeters. 0 0\ /o
] -0.29 to 0.1 (15 sites) 5 UH.;;.%D | \ rf TXCV
- . Po70®
O 0 to 0.24 {21 5'|t95} 96°00' S The Winadiands ¥\ Liberty Co.
O 0.251t00.49 (17 sites) ant MiEancl W\ (fig. 91)
: OPDH PoBg OIS @P69 | (fig.79) '\ B |
O 050t0099(20 sites) _ ~. )\x LIBERTY |
© 100t 199(14sites) T ,f__f" A\ |
; s o~ P07 ‘““L-f“‘* / \ |
. >than 2.[[”25“:95} At " ff" ROD1 O‘H-E'L_._H P \  ULH1 16S2 o
\  pon % poss Nﬂhem i H‘*Q} ol A\ @ _"g o
\ O EEE Q O Harris Co. 2 =X "N * F’DE Hﬁ“x‘ ,..r’/
S0 \ o1 fig.80 O zwn\ / W~ T
WALLER \ O K‘*\ O O} / Eastern x“‘,‘: =
\ P00O7 . PO08 > ||. :-;iarrés?::u.
\ PD% p[]mo L . - | P051 g.
\ e e R‘x PO52 { | N
\' © 019 505 n RIS ) D@ Vi RO
\ O 77y lC HarisCo. /7SN - 054 L
MRHK @ £ \H ® i) | o o-he
P N HFEK WD \_ .UHDT | poss Gy
-~ Pizg N © / 0 || R VAP
W <F342 Y, Sg.lthwestemy UHEH‘ ) Py ) ? |
Harris Co = : :
00 57, ALEF s i 33}1' | @ WEPD : A »
—— ”HMPDMCJ / 039 7\ g P38 .
PSS /@) ~ ® ~_ / e g
POG? @ / PoO4 ~ South-central Harris Co.” 7 P037 , .,
e PO10 / = ~7 Tilfig. 85) :
®_- PO16 T e -a&‘ -
,® oTXRS @pg3; ® i o
29°9(0) s POBY @ / |
| / POS8 @ PO40 5
/ FORT BEND Southern /
| Ft. Bend Co. -7
Pl “'9 B f{(_/ |
o S [ / Hii\ 3/ >/ ke /
. . Brazoria Co. P /R .
GPS stat'mn—Sy‘mbol size represents oy s g, 88) ! g Wi o 3 | ,f_! / Saute
cumulative vertical displacement data, Ve A et
In centimeters. Parenthesis indicate # of sites -l
O -2.8t04.9 (38sites) g
: BRA \
O 5.0 to 9.9 (14 sites) k_ (e
O 10.0 to 19.9 (12 sites) A%
() 20.0 to 39.9 (6 sites) . X
. Y
() Greater than 40.0 (6 sites) b Ay g W

29000 % 2



Cumulative subsidence

 East End extensometer: About 7.4 feet of subsidence through 2020 . E"m
— By 1943, groundwater levels were about 115 feet below land surface, and Addicks _ Northeast €Baybny

. Pasadena _£J
subsidence was abhout 1.1 feet. O ., O 0 o)
Fort Bend e
: ; : East End
— As groundwater levels continued to decline, the aquifer system reached a FORT BEND IS5 ang .
continually greater level of effective stress, resulting in inelastic compaction. e /
East End extensometer site
0.0 -T-ﬁ_____4_,t:‘|__. | | o] | | | A
N e e .— Harris-Galveston Subsidence District is established | & PRI
E e - " 1n 1975; groundwater regulation is introduced’ 208 S=ALY 5 LU
= e i 5% COUNTY
ey 2.0 | -1 10[} J
S = L ' Groundwater level recovery =
= E 30 | , | £ ' above the lowest historical — 150 >
- Sustained decline LN  minimums (1975) results in 3
o © 40 n grmundwa_’[erleveilg | Y ' a reduced Inelastic — 200 o _
S % jelf_éw thipr_ecmnlsmt[datmn t' . s . compactior - @ Extensometer site—may
%€ 50 B SR RO S et ' rate — 250 2 represent more than one
= Preconsolidation head I1s continuously *\ - = extensometer
- S B0 updated in response to lower groundwater levels — 300 ©
o 2 = 73 ® Monumented benchmark and
= E 7.0 — 350 5 benchmark name
e ©
25 80 ' —{ 400 3
| -
- - 90 |< Subsidence estimates from spirit-level surveys ; > | 50 =
o v - Extensometer compaction data = S

1900 1990

1910 1920 1930 1940 1950 1960 2000 2010 2020

Date

1970 1980

—  Compaction of subsurface sediment
Recorded by extensometer

< —a— -~ Groundwater level—Dashed where missing data

T e e -

- e _S. _ h - - - Land-surface subsidence—Spirit-leveling data



Cumulative subsidence

» Baytown extensometer: About 9.3 feet of subsidence through 2020 iyt .
— During 1971-1973, the area around this extensometer subsided by about 5 Addicks - PTS 185,

Inches per year.

Southwest

Fort Bend
EastEnd

— Subsidence was due to groundwater level declines from groundwater use In

Baytown and Pasadena. Cowrlalo

FORT BEND
COUNTY

Baytown (deep) extensometer site

0

O---1- L
- | s I e ] | | | | | | | : GALVESTON

$ 15 . 58 iy

E . * EH‘H,‘.HH ;5:'
© = s e
L E 3.0 N 5 @ Extensometer site—may
= 15 = represent more than one
@ DO . E
o »w A5 . 135 = extensometer
C o ‘u -
S & . | B o7 10:® Monumented benchmark and
25 60 % i 180 <= benchmark name
7 2 2 =
A _g . T
@ o b
cy @
o E 1.5 225 %
% .S 2

rar )
2o 90 210 2
S e E

S 105 - Subsidence estimates from spirit-level surveys 215 E

9 Extensometer compaction data ——» =
12.0 360

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Date

—_ --@ -~ Land-surface subsidence—Spirit-levelingdata =~ —— Compaction of subsurface sediment Burnett School T
N —s— -~ Groundwater level—Dashed where missing data Recorded by extensometer well, Baytown, Tex. &

1900 1910 1920

T e e -




Cumulative subsidence

* Area near benchmarkY 7: About 2.8 feet of subsidence through 2020

— Less subsidence per 100 feet of water level decline compared to central and
southeastern Harris County

— Katy area has the greatest spatial distribution of historical water use,
coarser Chicot aquifer sediment, and close proximity to the recharge zone
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Subsidence

. ’ Delay beds (layers 2-5)
Subsidence package No-delay beds e

N
f

» Newly formulated subsidence package . e S 118U F._ ]l
(CSUB) for the MODFLOW 6 model ' [T — | — ]
code ] T —

* Simulates groundwater-storage
changes and compaction

* Using delay beds in subcrop area, and
no-delay beds in outcrop area

* Compaction relation
Ab = AhS b Head based

0 'm.-*-,—lu.l.mh-l :|"I n ‘ L TR

|..=-.| El I::I | .-; . > i I ll i

.+ Documentation for the Skeletal Storage, | ¥

|, 1y Compaction, and Subsidence (ASUB) Package, 1
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I et R SRR
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Delay = o
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'Hughes and others, 2022




Model history matching and uncertainty

* Process of changing initial model inputs (parameters)
to reduce residuals. Residuals = simulated — observed
(or estimated)

« Using PEST++ IES' software to history match an
ensemble, not just one model

* Use probabilistic approach to assess uncertainty In
model results
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Calibration &
Uncertainty

Extensometers
Extensometers

History matching process femporl diference)_g
» (Calibrate to groundwater levels, o | Sﬁgf;ig)
subsidence Calibration ~ |outcropare?
* Group calibration data by type and welighting (confined area)
assign weights based on data
mportance Subsidence
Historical 50% Subsidence
_ GW levels levels 50%

(non-annual)

Annual
measurements

Objective Function: Sum of squared
welighted residuals, or sum of all
quantifiable error

GW level
o = Z?=1[U)i(5:' — 0::)]2



Calibration &
Uncertainty

Model Parameters

Parameter groups and parameters

* Thanksto advances in history From water-use From SWB
matching using PEST-IES, currently estimates (initial outputs
using 183,207 adjustable - Tuns)

parameters. NS
— Horizonal hydraulic
» Include entire-layer, geostatistical ~ — River conductance H:/éirsgtligzs conductivity
(pilot point), and individual cell — Drain conductance | POPSTHES — Vertical hydraulic
parameters — GHB conductance conductivity

~ = Specific Yield

" Fine grained
— Elastic specific storage

| — Inelastic specific storage
Subsidence — Porosity

—::

parameters — Vertical hydraulic conductivity
Coarse grained
— Specific storage (elastic)
_ — Porosity




Groundwater Levels

B. 294518095254801 (Chicot aquifer) C. 294106095171201 (Chicot aquifer)

T e e -

100 100
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. ~ .pu-
* The range of simulated groundwater levels |- W -l ml
generally bracket the historical observations 20— o 1 ™
400 |— — 400 |— —
- : . : : e | | | | o | | | |
* Historical minimums not fully simulated in some 2 D.298415095165301 (Chicot aguifer) . E.290613095172601 (Chicot aquifer)
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Groundwater Levels
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Observed and simulated results B i B _
, e T 'Y
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Groundwater Levels

Observed and simulated results

* The range of simulated groundwater levels
generally bracketthe historical observations

* Historical minimums not fully simulated in some
areas

Vil @ [0 )
@
@

O
Conroe g@
O

Vliagnolia

1he Woodlands Urban area

Well group

Well simulated and map identifier—Color represents
hydrogeologic unit in which well was completed.
Identifier shown for wells with hydrographs

Observed and simulated groundwater levels

D Evangeline aquifer (model layer 3) + Historical observation
E© Jasper aquifer (model layer 5) —  GULF model
GULF model ensemble

Chicot aquifer (model layer 2)
Evangeline aquifer (model layer 3)

Groundwater altitude, in feet above the National Vertical Datum of 1988
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Recharge

Calibrated recharge NOAA climate

 SWB-derived recharge occurs primarily in the aquifer outcrop area Stations e

* Majority of the simulated recharge is discharged to streams

 Spatially distributed recharge at right applied to model
layer 1.

* Deeprecharge: 0.3in (Chicot), 0.19 in (Evangeline), 0.03
in (Jasper), 0.03 in (Catahoula).
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0.7 Hi

Mean-annual recharge
(in inches, 1897-2018)
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Water Budget

Irngation Strgam Seepage Water to/from
Groundwater use (River package) Gulf of Mexico
(Well package) 6%l acre-fyr (General-Head-

Boundary package)
10,893 acre-ft/yr

31,323 acre-ft/yr

GULF model outflows
1,041,973 acre-ft/yr

GULF model inflows
654,172 acre-ft/yr

Recharge
(to other areas)
161,937 acre-t/yr

Non-irrigation

GULF model st_nrage loss Groundwator Use {SSTZ?”"L 23233?
(outflows - inflows) (Well package) 189,167 acre-fir

388,140 acre-ft/yr 483639 acre-ftiyr

Recharge
(Outcrop-area)

492 235 acre-ft/yr

Water from

fine-grained untt
Inelastic
compaction
132,462 acre-ft/yr?

Water derived from

specific yield under
unconfined conditions Water from |
231 676 acre-fi/yr coarse-grained unit

elastic compaction
14,009 acre-ft/yr

The difference between the outflows and the sum of the > Contribution of e
inflows and change in storage (-339 acre-ft/yr) is due to water compressibility

_S- h water from fine-grained unit elastic compaction and solver error 3,983 acre-ft/yr

R




Subsidence

Observed and simulated results

* The range of simulated subsidence generally
brackets the historical observations

» Subsidence slightly undersimulated in later
periods in central Harris County.

® Monumented benchmark and

¥3h benchmark name
Observed and simulated cumulative
subsidence
| + Historical observation
o %@ | ~—  GULF model
® - GULF model ensemble
@ ®
Central
narris Co, @ _ -

G ?55.

]
. @
® ‘ € 760 P

L 54

B 559. o

Urban area
Benchmark group

T e e -

Land-surface subsidence, in feet
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Subsidence

Observed and simulated results

» The range of simulated subsidence generally § -t
brackets the historical observations

8 | = 8 | —

- . | | | | | | | | | |

* |n southeast Harris County, some subsidence P T

. : : i | | ] | |
occurred prior to installation of benchmarks N oy 1Lk i
B T | = B *e + 1
® Monumented benchmark and B oo S 6 |— -1

L benchmark name s t 4

Observed and simulated cumulative 5 ° [ 5 B 1

subsidence = 10 | | ' | | 10 | | | | |

+ Historical observation T 22 — 1 | | | it l — | l |
—  GULF model e L 1 L il

GULF model ensemble £ b N
o 4 + = 4 — e B
E b— — 6 — Y s -1
3

=
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Urban area
Benchmark group

| | | | | | | | I |
2020 1900 1920 1940 1960 1980 2000 2020

Date



Subsidence

Observed and simulated results
* The range of simulated subsidence generally il * 1T B
. . - b — + 4 — 6 — =
brackets the historical observations | 1 Ll il
. - : l | | | | | | | | |
* Subsidence is undersimulated at benchmark " o " G
: : [ — | | | [ | |
A 639, where subsidence increased | i N i B
substantially over a short distance o B -~
S 6 — b —
g 8| ST =
s R T TR B - I R B R
. 2 o — — — g B
£ 2| S - 2 = -~
V305 G 639°® T 4 . e
| ® Monumented benchmark and B g i ol
= benchmark name gl B _
Observed and simulated cumulative 0 | | | | | 0 | | | | |
subsidence M 639 V 305
+ Historical observation : | . | | : e |
~  GULF model 2~ TR 1 2 S
GULF model ensemble il + e 4 -

Urban area
Benchmark group

- | | | | | " | | | | |
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Subsidence

0 Southwest extensometer site

___.J[_______'"‘--—l---.____:I.._.._ | | :‘Ei __l_
Observed and simulated results 2 | W -
» The range of simulated subsidence and 3 S :
compaction generally brackets the historical 6 |- [
observations ¥ il N
» Compaction was undersimulated at some = 10 | | [ | |
22 0 Seabrook extensometer site
extensometers 25 ——r T |
Estimated and simulated subsidence, e 2| % u
in feet e
+ Estimated subsidence % B 4 e .
—  GULF model s o ¥ =
GULF model ensemble S 2 6 i I
o Observed and simulated aquifer- = E
HARRIS Houston unit compaction, in feet P2 s 8 .
UNEX O + Historical observation S 5
) l I | | |
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