PiperStiff-An Excel workbook for charting a Piper plot
and mapping Stiff diagrams

Piper and Stiff diagrams are plotted and mapped, respectively from water-quality
concentrations in milligrams per liter (mg/L). The program converts mg/L to
milliequivalents per liter (meg/L). Concentration of major ions are summed for
total dissolved solids (TDS) and charge balances are computed. Sites are
highlighted if charge balances exceed a user-specified threshold. Constituent
concentrations and TDS from a site can be selected and highlighted in the Piper
plot (Figure 1). A Stiff diagram is displayed for the selected site.
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Figure 1.— Piper plot, Stiff diagram, and controls in PiperStiff-QW-2019.xlsm.

Stiff diagrams are written to a KMZ (Google Earth) file where groups of sites can
be viewed or hidden (Figure 2). Stiff icon changes to labeled Stiff diagram with site
identifier as mouse hovers over an icon. TDS and constituent concentrations in
mg/L are displayed as a table after selecting a site. PiperStiff-QW-2019.xlsm and
explanatory PDF can be downloaded with the following link.

Macros were developed in Excel 2019 and should work in Excel 2013+. Labels
have failed when revised by macros in Excel 2010.
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Figure 2.— Stiff diagrams as presented in Google Earth.

PiperStiff-QW-2019.xlsm Workbook

The workbook consists of two visible pages, DATA and PIPER, and one hidden
page, CONTROL. The hidden CONTROL page contains code for translating
coordinates and users should not need to edit the page. The table for converting
mg/L to meg/L is the exception if a constituent exists other than Bicarbonate
(HCO3"), Calcium (Caz*), Carbonate (CO5"7), Chloride (CI7), Fluoride (F),
Magnesium (Mg?*), Potassium (K*), Sodium (Na*), and Sulfate (SO,2°).

DATA page

Longitude, latitude, data group, site name, and chemical concentrations are
specified for each site in columns A-N and from row 15 and down (Figure 3).
Longitude and latitude are optional, but KMZ file will not be written without a
longitude and latitude for all sites. Groups define series in Piper plot (Figure 1)
and Stiff icons of similar color in KMZ file (Figure 2). Columns of chemical
concentrations can be ordered to suit user’s data sets by changing headings in
rows 13 and 14 through pull-down menus. Rows of site data are highlighted where
charge balance exceeds a user-defined threshold, cell Q12, which is 5 percent in
the example (Figure 3).
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A B C D E F G H | 1 K L M N 9] P Q i
2 1 Hignlight = 5%
13 Count = 90 Bottom Side  DIAMOND DIAMONDDIAMONDDIAMOND Bottom Side Bottom 1
14 |Longitude Latitude Group Site Ca™ Mg Na= K HCO,- CO5~ Cr S0, F- | TDS, mgiL arge balance
15 | -116.227 36.535 Carbonate in Ash Amargosa Tracer Well 2 4400 20.00 65.00 7.80 29100 0.00 20.00 70.00 170 T 520 -0.2%
16 | -116.037  36.59 Carbonate in Ash Army Well #1 45.00 22.00 38.00 550 27500 0.00 16.00 54.00 0.90 : 456 -47%
17 | -116.445 36.628 Central Amargosa AW03 27.00 2.00 43.00 460 15000 0.00 8.50 33.00 090 1 269 1.9%
18| -116.479 36.591 Central Amargosa AW04 29.00 220 35.00 520 14000 0.00 6.00 26.00 1.00 [} 244 71%
19 | -116.479 36.582 Central Amargosa AWDS 30.00 260 37.00 560 15000 0.00 770 30,00 070 H 264 37%
20| -116.474 36.578 Central Amargosa AW0S 22.84 243 37.m 6.685 137.86 0.00 6.03 28.82 0.00 : 242 2.9%
21| -116.463 36.572 Central Amargosa AW0T 3046 3.40 51.04 860 14335 0.00 12.05 6436 0.00 i 313 5.1%
22| -116.461 36.569 Central Amargosa AW0S 23.00 2.60 56.00 9.00 14000 0.00 10.00 67.00 0.90 ] 309 0.2%
23 | -116.496 36.556 Central Amargosa AW09 20.00 270 42.00 8.80 150,00 0.00 740 28.00 120 ! 260 -1.3%
24| -116.47 36.556 Central Amargosa AW10 30.00 1.90 40.00 430 13200 0.00 8.20 51.00 0.00 : 267 1.3%
25 | -116.489 36.547 Central Amargosa AW11 24.00 1.10 36.00 8.20 13000 0.00 6.60 33.00 1.00 1 240 0.2%
26 | -116.507 36.554 Central Amargosa AW12 18.00 070 54.00 690 15000 0.00 7.80 30.00 150 : 269 29%
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Figure 3.—DATA page in the PiperStiff-QW-2019 workbook where longitude, latitude, data
group, site name, and chemical concentrations are specified for each site.

Data Page

A B C D ' i3 L M
12
13 Count= 90 ( ottom Side Bottom
14 |L Latitude  Group site C- S0 F
94 | -116.374] 36.941 Vucca Min_lacka UE-25a 2 HTH 990 2100 090
95| -11646 36.888 Yucca Min_lacka USW G-2 655 1383 105
96 | -116451 36.854 Yucca Min_Jacka USW G4 590 1900 250
97| -116.453| 36.866 Yucca Min—Jacka USW H-1 HTH 1825  0.00
95| -116.448  36.842 Yucca Min—Jacka USW H-4 HTH 2600 480
99| -116.465 36.856 Yucca Min_Jacka USW H-5 HTH 16.00 140
100) -116.482 36.847 Yucca Min_Jacka USW H.6 HTH 2000 470
101) -116.562 36792 Yucca MinJacka USW VH-1 4400 270
102) -116.023 37.059 Carbonate in Ash Well U3CNS 41.00 0.80
03] -116.058 36.993 Carbonate in Ash WW-3 2086 093
) ) j?t_i -116.009 36.919 Carbonate in Ash WW-C-1 67.00 1.10
Clear existing data between columns
A and M and from row 15 to the last Empty cells before adding your data.
entry. R B B o/
12
13 Count= 0 ottom Side Bottom
14 | L Latitude Group Site CI S04 F-
o
95
9%
97
98
99
100
0
102
103
104
= #
: : A B C D E
All data for a site is entered on a =
single row before pasting into 13 Count = g0 Bottom
14 |Longitude Latitude Group Site Ca’~
WorkbOOk' 15 —‘116.22?1 36.535 Carbonate in Ash Amargosa Tracer Well 2 44 .00
10 | -116.037  36.59 Carbonate in Ash Army Well #1 45.00
Paste your data to cell to A15 or C15 | 17| 115445 35.628 Central Amargosa W03 27.00
if |ongitude and latitude are not 18 | -116.479 36591 Central Amargosa AW04 29.00

included.

PIPER

DATA
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Change headings with the pull-down
menus in row 14 to match chemical

constituent in columns of user’s data.

| C D E
12
13 Count = g0 Bottom S
14| Group sie [ Ca= |+ N

18 |Central Amar AW04
19 |Central Amar AW0O5
20 |Central Amar AWOG
21 |Central Amar AWOT
22 |Central Amar AWOS
23 |Central Amar AW09
24 |Central Amar AW10

Change headings with the pull-down
menus in row 13 to match sides of
ternary plots of cations and anions.

- D E F
12
13| Count= g0 Bottom | - |Side
14 Group Site Mo**
18 |Central Amar AW04 g:iﬁﬂDND 2.20
LT

19 |Central Amar AW05

2.60

1)
Bottom, side, and diamond are +
defined relative to ternary plots.
‘-.&4+T't|_ / \
BOTTOM BOTTOM
A B C D

12
Criteria for excessive charge 14 |Longitude Latitude _Group. . Site
imbalance is specified with a pull- 16 10037 2059 carbonsc n Ay et
down menu in cell Q12. 167 16473 3501 conal e A0S

19 | -116.479 36.582 Central Amar AW0S

20 | -116.474 36.578 Central Amar AW06

Page 4|11




PIPER page—Piper plot

Piper plot and plotting controls are displayed on the PIPER page (Figure 4). A
unique list of groups is created and corresponding series in the Piper plot are
formatted with the refresh button (cell J2). Symbol colors are assigned by fill
colors in column J and are filled with colors in column K if colored. Groups are
displayed or hidden by toggling cells TRUE or FALSE in column K. Specific sites
are identified by pull-down menu in cell J1.
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© Ash Meadows discharge area gy H-5 HTH

Carbonate in Ash Meadows i
Refresh Hide Labels
Central Amargosa Desert

USW H-6 HTH
TDS = 315. mg/L

2 | Charge balance = -2%

3 ® Furnace Creek

4 I\(I}IS: : g ® Well AD-4 corridor Group Show Size
5 Nat = 86: +Westem Amargosa Desert TRUE a

Kt = 1. Yucca Mtn—lackass Flats N

6 HCO-- 182 Carbonate in Ash Meadows  TRUE 5
7 CO, = 0. Central Amargosa Desert TRUE 3
8 so?l- ; 23 - 5
9 F-= 5. 6
10 TRUE 6
11 Yucca Mtn—Jackass Flats TRUE 5
12
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DATA | PIPER @ 4

Figure 4.—User controls for Piper plot in the PiperStiff-QW-2019 workbook.
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Piper Plot

Refresh button in cell J2.

— Creates a list of unique group
names in column J.

— Maps cell colors in columns J and K
to series in Piper plot.

— Sizes symbols as specified in
column L.

G H | J K L
@ Ash Meadows discharge area LSW VH-1

Carbonate in Ash Meadows

Central Amargosa Desert Refresh | Hide Labels

® Furnace Creek

@ well AD-4 corridor

+Western Amargosa Desert
Yucca Mtn—lackass Flats

Show Size
TRUE 4

Group

l

’% Carbonate in Ash Meadows ~ TRUE 5
2z Central Amargosa Desert TRUE 5
s 5

a3
2 TRUE 6
TRUE 6
Yucca Mtn—Jackass Flats TRUE 5

New list of 1 group after revising groups on DATA

. . G H | ] K L
Changing all group entries on the
: . WW-C-1
DATA page to same label will define ° One big group cotresh S
a single big group.
Group Show Size
N TRUE 4
Groups are limited to twelve or less. % 5
%, 2
o = 5
e 6
6
3
J K L

Toggle visibility of series with
TRUE/FALSE pull-down menus in
column K.

Central Amargosa Dese
L
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Plot limited to two groups where

TRUE specified only in cells K5:K6.

A B c D E F | 6 | H | 1
1 USW H-6 HTH q *—G“‘" Show

TDS = 315. mgiL o % TRUE
2 | charge balance = -2% sy % Carbonate in Ash Meadows ~ TRUE
3 & ¢, G, _Central AmargosaDesert FALSE
a cat= 4 & k3

Mg = 0. el i
5 Na*= 86. k2 FALSE

K= 1.
6 Yucca Mtn—Jackass Flats FALSE
HCOo, = 182

T Co; = 0. %
3 cr= 8 = %

S0 = 29 &
9 = 5 &

IS

10 d__@
1
12
13
14
15
16
17
18
18
20
21
22
23
24 100 80 60 40 20 0 o 20 40 60 B0 100
25
26 Calcum (Ca*) Chiloride {C17) + Fluoride (F7)
27

Effect of cell colors in columns J and
K and size specification in column L

on series symbols in Piper plot.

Group Show Size

: TRUE I"EI

>0 ? S
NN / Aﬂj A

Filled, smaller symbol after refreshing with
revised show & size specifications.

Group Show Size

n

{::r‘
~9
+
]
d:ﬁ.
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~.
-
<0
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o

W
-
&
o
2
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Select TDS, charge balance, and
concentrations at a site with site
selector in cell J1.

A B C D E F G H

Well U3CNS g
TDS = 466. mg/L ~ %
Charge balance = 3% Y
>
s Gy
%
%
%, ©Well AD-4 corridor

® Furnace Creek

®

B

Chloride (CI") + Fluoride (F)

© Ash Meadows discharge area
Carbonate in Ash Meadows

Central Amargosa Desert ]

3
’% Westemn Amargosa Desert

|
Well UICNS E
USW H-4 HTH A
USW H-5 HTH

USW H-6 HTH

USW VH-1

WW-3
WW-C-1 [

Central Amargosa Desert Tl

>
w3, Yucca Min—lackass Flats

Yucca Mtn—Jackass Flats m

Available sites in site selector limited
to sites in visible series.

Awa7 [ o AW2T l'
TDS = 661. mo/l ‘Al %, i
= > e, Refresh Hide Label
Charge balance = 2% 2 [}_

4
cat= a8 & %
Mg = 17 Z z
Natz 111 & % .
K= 13 $ % © Well AD-4 corridor
HCO, = 291 & . % <
Corz o $ ¢ 5 %+
o= 2 2 7
sor- 1% &
F- o0 &
&
&

Group show
Carbonate in Ash Meadows
Central Amargosa Desert
TRUE

Yucca Mtn—Jackass Flats

Calcium (Ca™)

Chioride (C1") + Fluoride (F)

For example, wells AW27 and AW28
are the only sites in the Well AD-4
corridor and site selection is limited to
these two sites.

1 |AW27 =
AW2T

Carbonate in Ash Meadows

Central Amargosa Desert

L= == R B = (T SR R R A8

10
11 Yucca Min—Jackass Flats

ide Label

Pa
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Button in cell K2 toggles labels on

Hide Labels

and off

Site selector also is cleared so that
TDS, charge balance, and table of
concentrations do not appear.

e
Refresh

Group

Yucca Min—Jackass Flats

TRUE
Yucca Mtn—Jackass Flats. TRUE

Show Size
+Westemn Amargosa Desert TRUE
Carbonate in Ash Meadows ~ TRUE

Central Amargosa Desert TRUE

4
5
5
5
6
6
5

Stiff diagrams and KMZ file

Stiff diagrams are created primarily for display in a KMZ file. Icon sizes are user
defined and Stiff diagrams are colored by cell colors in column J (Figure 5).

J K L M M Q P
2 Refresh Hide Labels me= || HCO. =
Co.-
3
4 Group Show Size
5 TRUE 4 ca® 504
6 | Carbonate in Ash Meadows  TRUE 5
7 Central Amargosa Desert TRUE 5
a 5 Na* +K* CI"+F
g9 TRUE ] 10 E 0 -5 -10
10 TRUE 6 Millieguivalents per liter
1 Yucca Min—Jackass Flats TRUE 5 Folder Name: Ash Meadows to Furnace Creek
12 Mormal Icon scale = 1.2
13 Highlight lcon scale = 5 Write KMZ
14 Y-axis buffer = 0.25 meqg/L
15 Open KMZ in Google Earth v
16 Groups : CATION ANION
17 Mg HCO: +COs”
18 ca*t S04
19 Nat+K* CI"+F
DATA | PIPER ®

Figure 5.—User controls for Stiff diagrams in the PiperStiff-QW-2019 workbook.
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Stiff diagrams and KMZ

Folder name specifies name of KMZ
file that is written in the directory that

M Q0 p
11 Folder Name: Ash Meadows to Furnace Creek
12 Mormal lcon scale = 1.2

. 13 | Highlight Icon scale = 5 -
contains the workbook. Enient Ic Write KMZ
14 ¥-axis buffer = 0.25 meq/L
15 | Open KMZ in Google Earth ]
Icon scales are multipliers that scale N © P
11 Folder Mame: Ash Meadows to Furnace Creek

placemark icons in Google Earth.
Normal defines unselected icon scale

12 Mormal Icon scale = 1.2

. . . ) 13 | Highlight Icon scale =5 Write KMZ
and highlight defines icon sc_ale as 14 Y-axis buffer = 0.25 meg/L
mouse hovers and on selection. 15] Open KMZ in Google Earth | ¥
N 0 P
11 Folder Mame: Ash Meadows to Furnace Creek

Y-axis buffer creates a gap in the Stiff
diagram so that the Y-axis remains
visible.

12 | Mormal lcon scale = 1.2
13 | Highlight lcon scale = 5

Write KMZ
14 ¥-axis buffer = 0.25 meq/L
15 | Open KMZ in Google Earth v
0% T 50,7
0.25 meq/L
0.50 meg/L

Sl [
0 -5 0 5

Millieguivalents per liter

Press Write KMZ to create icon
images, kml file, and zip output to a
KMZ file.

KMZ file will be opened automatically
if box in cell P15 is checked.

M Q P
11 Folder Mame: Ash Meadows to Furnace Creek

12 Mormal Icon scale = 1.2
Write KMZ |

13 | Highlight lcon scale =5
14 ¥-axis buffer = 0.25 meg/L
15 | Open KMZ in Google Earth [V

Page 10|11




M O p

Vertical order of cations and anions in | | 18 Groups : CATION ANION
Stiff diagram are user defined through 17| Mg** | +tos +cos
pull-down menus. 18 a*
19 +F"
N 0 P
1 Point of Rocks Spring, TDS = 546. mg/L
7 Mg+ HCOs™ +
CO.
3
4
5 Ca™ S0.%
6
7
g MNa* ;+ K* Cl-+F ;
g 10 5 0 -5 -10
10 Millieguivalents per liter
16 Groups: CATION ANION
17 Mg HCOs™+CO0s~
18 ca* 5043
19 Na*+K* Cr+F
Example alternative Stiff diagrams
where vertical order of cations and Stiff pattern changed by user-ordered ions.
anions differed in cells O17:P18. N 0 p
1 Point of Rocks Spring, TDS = 546. mg/L
2 e 504
3
4 -
: e
6
7
8 —— e
g 10 5 0 -5 -10
10 Millieguivalents per liter
16 Groups : CATION ANION
17 ca® S04
18 Mg |Hco;+co; If
19 Na*+K* cr+F
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